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THE NJOY NUCLEAR DATA PROCESSING
SYSTEM: USER'S MANUAL

by

R. E. MacFarlane, R. J. Barrett,
D. W. Muir, and R. M., Boicourt

ABSTRACT

The NJOY nuclear data processing system is a
comprehensive computer code package for producing
cross sections for neutron and photon transport
calculations from ENDF/B-IV and V evaluated nuclear
data. This user's manual provides a concise descrip-~
tion of the code, input instructions, sample problems,
and installation instructions.

I. INTRODUCT ION

The NJOY'™® nuclear data processing system is a comprehensive computer
code package for producing pointwise and multigroup neutron and photon cross
sections from ENDF/B-IV and V evaluated nuclear data.® This document provides
a concise description of the code, operating instructions, code installation
instructions, and sample problems, A report giving theory, methods, and program-
mer details will be issued at a later date.

IT. CODE DESCRIPTION

The NJOY code consists of a set of modules, each performing a well-defined
processing task. RECONR reconstructs pointwise cross sections from ENDF/B reso~
nance parameters and interpolation schemes. BROADR Doppler broadens and thins
pointwise cross sections. UNRESR computes effective pointwise self-shielded
cross sections in the unresclved resonance region. HEATR generates pointwise
heat production cross sections (KERMA factors). THERMR produces thermal coher-
ent cross sections for hexagonal materials and incoherent energy-to-energy
matrices for free or bound scatterers. GROUPR generates self-shielded multi-
group cross sections, group-to-group neutron transfer matrices, and photon pro-
duction matrices. GAMINR calculates multigroup photon interaction cross sections
and group-to-group photon transfer matrices. ERRORR produces multigroup covar-
iance matrices from ENDF/B uncertainties. DTFR formats multigroup data for
transport codes (DTF—IV5 and its descendants)., CCCCR formats multigroup data




for the CCCC standard interface files® ISOTXS, BRKOXS, and DLAYXS. MATXSR for-
mats multigroup data for the new MATXS comprehensive cross-section interface
file. Finally, MODER converts BCD ENDF/B files into the special blocked binary
format used by NJOY. NJOY incorporates and improves upon the features of its
direct ancestor, MINX.’ It also includes and extends the photon production
capabilities of LAPHANO,8 the ghoton interaction capabilities of GAMLEG,9 the
heating capabilities of MACK,1 the covariance capabilities of PUFF,11 and the
thermal capabilities of FLANGE-II'? and HEXSCAT.!®

The methods used in these modules will be described in detail in the final
report. The following brief account will make the general flow of the code
clear., RECONR reads an ENDF/B tape and produces a single energy grid for all
reactions (the union grid) such that all cross sections can be obtained to with-
in a specified tolerance by linear interpolation. Resonance reconstruction uses
the methods of RESEND.!"* Summation cross sections (i.e., total, inelastic) are
reconstructed from their parts. The resulting pointwise cross sections are
written onto a "point-ENDF" (PENDF) tape for future use. BROADR reads a PENDF
tape and Doppler broadens it using the method of SIGMAL!® modified for better
behavior at high temperatures and low energies. The union grid allows all res-
onance reactions to be broadened simultaneously, resulting in great savings of
processing time. The summation cross sections are reconstructed from their
parts. The results are written out on a PENDF tape for future use. UNRESR uses
the methods of ETOX!® to produce effective pointwise unresolved cross sections.
The results are added to the PENDF tape in a special format. HEATR computes
heating cross sections by the energy balance method. First, the contribution
to heating of all neutron reactions is computed on the union grid as if no gam-
ma rays were produced. If photon production files are available, the heating
effect of the photons produced by each reaction is subtracted. The remainder
is just the kinetic energy of recoil and charged secondaries, all of which lead
to local heating. This approach helps ensure consistency in coupled neutron/
photon problems since only photons explicitly produced can go on to cause heat-
ing through photon interactions. The results are added to the PENDF tape using
the ENDF reaction numbers in the 300 series. THERMR produces cross sections in
the thermal range. Bragg edges in coherent scattering are produced using the
method of HEXSCAT'® with an improved treatment at high energies. Energy-to-
energy incoherent scatfering matrices can be computed for free scattering or for
bound scattering using a precomputed form factor S(a,B) in ENDF format. The
secondary energy grid is determined adaptively so as to represent the function
to a desired precision by linear interpolation. The results are added to the
PENDF tape using a special format. GROUPR processes the pointwise cross sections
produced by the modules described above into multigroup form using the Bondarenko
flux weighting model.}? As an option, a pointwise flux solution can be generated
for a heavy absorber in a light moderator. Self-shielded cross sections, scatter-
ing matrices, and photon production matrices are all averaged in a unified way,
the only difference being in the function which describes the 'feed" into sec-
ondary group g' with Legendre order & from initial energy E. The feed for two-
body scattering is computed using a center-of-mass Gaussian integration scheme,
which provides high accuracy even for small Legendre components of the scatter-
ing matrix., Special features are included for delayed neutrons and the coupled
angle and energy dependence of the thermal scattering matrix. Self-shielding of
matrices is allowed. The results are written in a special "groupwise-ENDF'" for-
mat (GENDF) for use by the output modules. GAMINR uses a simplified version of
GROUPR. Coherent and incoherent form factors'? are processed in order to extend
the useful range of the results to lower energies. Photon heat production cross



sections are also generated. The results are saved on a GENDF tape. ERRORR can
either produce its own multigroup cross sections using the methods of GROUPR or
start from a precomputed set. The cross sections and ENDF covariance data are
combined in a way which includes the effects of deriving one cross section from
several others., DIFR is a simple reformatting code which produces cross section
tables acceptable to most discrete-ordinates codes. The user can define edit
cross sections, which are any linear combination of the cross sections on the
GENDF tape. This makes complex edits such as gas production possible., DIFR also
contains system-dependent plotting routines for the cross sections and P scat-
tering and photon production matrices. CCCCR is also a straightforward refor-—
matting code consistent with MINX libraries'® and utility codes.?%?! It should
be noted that some of the cross sections producible with NJOY are not defined in
the CCCC-III files., MATXSR also reformats GENDF data. This file will currently
store all NJOY data types except delayed neutron and delayed photon spectra.

In the reference version of the code, each module is a separate overlay.
The main overlay (NJOY) simply calls in each primary overlay (e.g., RECONR,
GROUPR) as requested by the user's input commands. The NJOY level also contains
utility routines used by all other modules (e.g., free-form input, storage allo-
cation, and ENDF/B input/output). The code can easily be decomposed into 12
independent programs and a user library.

ITI. LINKING PROCESSING TASKS

The flow through the modules of NJOY is controlled by module names and in-
put/output logical unit numbers. A module typically reads data from an input
unit, modifies it, and writes the results on an output unit. Sometimes auxil-

iary inputs or multiple outputs are required. The output of one module can be
the input for another.?

*RECONR *
21 22

[input for RECONR]

*BROADR *
22 25

. [input for BROADR]

Since the files on most units are in ENDF/B format, the modules can be connected
in many ways. The files can be saved at any point for later restart. Other
combinations will be found in the examples.

NJOY provides for a special blocked binary mode for the ENDF/B files. Such
files are indicated with negative unit numbers. The MODER module can be used to
convert back and forth between BCD and binary modes. The user may assign units

This example (and all others in this report) use NJOY free format. The stars
indicate Hollerith input. See below for more details.



numbers from 20 to 26 for linking modules. Many modules also accept 0, which
means do not use the input or output at all,

IV. NJOY INPUT INSTRUCTIONS

The input instructions for NJOY are included as comment cards at the start
of each module (overlay); the current instructions have been printed out for
this report as Appendix A, Some of the commands are described in more detail
below. Others are made clear by the sample problems.

A, Free Form Input

For a card-input program, free-form input is convenient, but in a time-
sharing environment, it is almost essential. Therefore, a subroutine FREE has
been included among the NJOY utilities to provide a simple free~format input
capability. This routine is machine dependent and may have to be adapted to
local conditions.

Fields on the input cards are delimited by any character not used for an-
other purpose (+,-,numeral,E,H,*,0or/). For exponent fields, the E must be pre-
sent, but spaces are allowed before the E. Decimal points are not required
after numbers. Hollerith fields may use nHSTRING or *STRING*. The (/) termi-
nates the input for one call to FREE (it may involve more than one card) leav-
ing any unread variables unchanged. This feature is often used to default
variables from the right.

Some input examples follow.

LEGAL ILLEGAL
12 12, 1.2E1 1.2+1
*U235% 4HU235 4RU235

As an example of when the (/) is useful, in several NJOY routines a record
of Hollerith information is constructed from user input. This is accomplished
by calling FREE with NZA = 17 (the number of Hollerith words required to fill
the 66 columns available for an ENDF/B ''comment'). The array is preset to 17
blank words, so that the user need not blank-fill the line explicitly. Instead,
he can write *MESSAGE*/ where the (/) terminates the process of replacing the
default blanks with actual input (''MESSAGE" in this example).

The user should be cautioned that if the (/) is omitted from an input data
block that is incomplete, as in Hollerith example above, FREE will go on reading
successive input data cards until the expected NZA words are found, usually re-
sulting in an error condition. For this reason, if the user is uncertain
whether he has supplied enough input parameters to ''satisfy" a particular call
to FREE, it is good practice to use a (/) at the end of the input data for that
data block,

The input examples for the NJOY test problems should answer any other
questions about the syntax of free-form input.

B. RECONR Module

ERR,.. A reasonable value is 0.005 () %). For materials with many reso-
nances such as °’Nb and 238U, it may be necessary to relax (increase) this
somewhat in order to reduce the running time.




TEMP... Resonances can be constructed directly at an elevated temperature
using the Px resonance shapes (with some loss in accuracy and great savings
in time). In general, it is recommended that resonance reconstruction be per-
formed at zero Kelvin (TEMP=0); BROADR can then be used to Doppler broaden to
the desired temperature with great accuracy.

NENDF... This is the unit containing an ENDF/B-IV or V tape.* It is
recommended that binary mode be used whenever possible (i.e., use MODER),

C. BROADR Module

ERRTHN.., Cross sections become smoother with Doppler broadening and can
be thinned. It is recommended that ERRTHN < ERR be used.
ISTRAP... '"Bootstrap'" refers to using the output of one broadening run as

the input for a subsequent higher temperature run. If thinning was used, the

second run can be much faster than the first. However, errors will accumulate.
ISTART... Since Doppler broadening is comparatively expensive, it is often

useful to "restart" from previous data at a lower temperature. For example,

in attempting to produce cross sections at 300, 900, and 2100 K, the job runs

out of time while doing the last temperature, Set ISTART=1 and TEMP1=900, and

continue the job using the output of the aborted run as input.

D. HEATR Module

NQA,MTA,QA,.. Because of lack of uniformity in evaluation practices, or
because of the varying energy values of the separate isotopes in an element, it
is sometimes necessary to override the evaluator's Q-values.

IPRINT=2.., This option is provided mainly for evaluators. Computed KERMA
factors are compared with limits obtained from kinematics. Note that the energy-
balance method used in NJOY guarantees net energy conservation for "large"
systems. However, if it is possible for a large fraction of photons to escape
from the system, and if this option reveals many violations of kinematic limits,
the results of both heating and gamma dose calculations must be held in doubt.

NP,MTK... Usually only the total KERMA is needed (NPK=0). Partials are
useful in connection with IPRINT=2.

E. THERMR Module

NENDF,.. The thermal ENDF data (only MF=7 is used) is available on a
special set of tapes (320 to 325).2% No tape is required for free gas scat-
tering.

MT201-250... Thermal data generated by this module are written onto the

PENDF tape using the assigned MT numbers. These numbers are open to the user,
except that MATXSR contains a certain list of names. The current values are
given in Table T.

F. GROUPR Module
NTEMP,TEMP... The requested temperatures must occur on the input PENDF
tape.

*
ENDF/B tapes are available from the National Nuclear Data Center (NNDC) at
Brookhaven National Laboratory, Upton, New York.



TABLE I

REACTION NUMBERS FOR THERMAL SCATTERING

MT Contents

201 free gas

202 H in HpO0

203 H in polyethylene

204 D in Dy0

205 H in ZrH

209 graphite incoherent

210 graphite P coherent

211 graphite Pj

219 Be incoherent

220 Be P coherent

229 BeO incoherent

230 BeO Pgy coherent
NSIGZ,SIGZ... One or more ''background" cross sections must be specified

in barns for the calculation of self-shielded group constants using the Bondar-
enko formalism., For infinite dilution, NSIGZ=1, and by convention, SIGZ=1.E1O0.
If unresolved data have been added to the PENDF tape using UNRESR, the NSIGZ
SIGZ values in GROUPR must agree with the first NSIGZ values used in UNRESR.
In both codes, SIGZ is read in,in descending order,with og = « first.

WGHT... If the user wishes to supply his own weight function, he must use
a "TAB1l" record. This is a particular ENDF/B data structure which, in the case
where a single interpolation scheme INT is employed, has the following form.

card 1 0. 0. 0 0 1 N
card 2 N INT
cards 3,4,...(E(I),WGHT(I),I=1,N)/

Here N is the number of energy-weight pairs, and INT specifies the functional
form to be used to connect the points., For example, INT = 2 specifies that
WGHT is a linear function of E between points, and INT = 5 specifies that the
log (WGHT) varies linearly with log (E) between points. The (/) shown after the
final weight is required. This is a departure from the normal NJOY convention,
where (/) is needed only if the reading of a data block is to be terminated

prematurely,
MFD,MTD,MTNAME... GROUPR requires that the user specify each reaction to
be processed using its ENDF/B "MT-number'. The MT-numbers used in a given eval-

uation can be obtained from the "dictionary" (MF1,MT451), a list of all the
"files" (MF-numbers) and '"sections'" (MT-numbers) for this material (MAT-number).
The user should first examine the sections of file 3, MF=3, Each section de-
scribes a different nuclear reaction, so from the list of MT-values, the user

6



can select the reactions he wishes to process. A list of ENDF/B reaction types4
is reproduced here as Appendix B.

In order to process reaction "vectors' (as opposed to a group-to-group
transfer matrices), one inputs data cards such as this one.

3 103 *(N,P)*/
3 105/

Here MFD=3 specifies a vector, MID=103 is the section to be processed, and
"(N,P)'" is the user-supplied name for the reaction. This name is only used to
label the listing and is optional as shown by the second line, There are sev-
eral special MT-numbers recognized by NJOY while processing vectors.

MT Meaning

252 i1 (average scattering cosine)
253 ¢ (average log decrement)

259 mean reciprocal velocity

452 total fission yield

455 delayed fission yield

456 prompt fission yield

The first three are computed from fundamental definitions, not file 3, The
last three are computed using MFl yields and MF3 fission cross sections.

In order to process one matrix reaction (i.e., group-to-group scattering),
use MFD=6 as in this example.

6 16 *(N,2N) */

The reaction types with scattering data are most easily found under MF=4 in
the dictionary (MF4, MT103-150 are charged particle angular distributions and
should not be requested as matrices).

As a convenience feature, a consecutive sequence of MIDs can be specified
as follows.

3 51 *FIRST INELASTIC LEVEL*/
3 -76 *HIGHER INELASTIC LEVELS*/
6 51 *FIRST INELASTIC LEVEL*/
6 =76 *HIGHER INELASTIC LEVELS*/

All values of MTD from 51 through 76 will be processed into both vectors and
matrices.

Fissionable materials introduce some additional complexity: GROUPR pro-
duces a prompt fission group-to-group matrix which can be converted into the
traditional VO¢ and X vectors by later modules (e.g., DTFR). For simple eval-
uations, it is only necessary to make this request.

3 18 *FISSION XSEC*/
6 18 *FISSION MATRIX*/

In several important evaluations, however, the evaluator has divided the fission
process into parts: MT19, direct fission (n,f); MT20, second-chance fission
(n,n')f; MT21, third-chance fission (n,2n)f; and MT38, fourth-chance fission
(n,3n)f. The procedure makes possible a more accurate representation of the



high-energy portion of the fission spectrum when fission is inducedzby neutrons
with energies above 5 or 6 MeV. For such evaluations (e.g., 235U, 38U,239Pu),
the following input is recommended.

18 *TOTAL FISSION*/
19 *(N,F)*/

20 *(N,N)F*/

21 * (N, 2N) F*/

38 *(N, 3N) F*/

19 *(N,TF)*/

20 *(N,N)F*/

21 *(N, 2N) F*/

38 *(N,3N)F

SO W WwWwWwWw

Note that 6/18 is omitted. A subsequent code can add the partial matrices to
obtain the total fission matrix.

A final complication of fission is the existence of delayed neutrons from
fission. For those materials which contain delayed neutron data, the user
should request these.

3 455 *DELAYED NUBAR*/
5 455 *DELAYED CHI*/

A later module, such as DTFR, can add the delayed data to the prompt matrix in
order to obtain "steady-state" values for Vof and Y.

If the evaluation includes photon production data, GROUPR will prepare a
neutron-to-photon transfer matrix for each reaction requested. These reactions
are identified in the material dictionary by the presence of MF=12 (photon
production yields), MF13 (photon production cross sections), or both. For each
reaction, input a data card with MFD=MF+4,

16 102 *CAPTURE GAMMA PRODUCTION*/
17 3 *NON-ELASTIC GAMMA PRODUCTION*/

Several examples of GROUPR input will be found in the sample problems.

G. GAMINR Module

MFD=-1... This option provides the user with a standard list of reaction
types suitable for all elements: vectors for 501, 502, 504, 516, 602, and 621;
matrices for 502, 504, and 516. Note that 621 is assigned specially for the
photon heat production cross section.

H. ERRORR Module
NEK,EK,AKXY... ENDF/B-V will have a format for specifying derived cross

sections in the file, so this is presently required only for 12C (see example
4).

I. DTFR Module
IPTOTL,IPINGP,ITABL,NED... The standard transport table as used in many
codes has the following structure for each group.




Position Contents

1 response function edit
. cross sections (missing
: if IPTOTL = 3)

IPTOTL-2 Og

IPTOTL-1 VO ¢ "standard edits"
IPTOTL Ot

IPTOTL+1 upscatter (missing

. if IPINGP = IPTOTL+1)

IPINGP in-group scattering

IPINGP+1 .
. downscatter
ITABL

If IEDIT = 1, the first NED positions are printed out as separate tables. If
there is not enough room for all the downscatter between IPINGP and ITABL, the
array 1is truncated in such a way as to preserve the scattering cross section;
a similar procedure is used for upscatter.

NTHERM,MII ,MTC,NLC... These parameters control the addition of thermal
upscatter to the transport table., In the lowest NTHERM groups, the static
elastic scattering is replaced by MTI and the total is readjusted appropriately.
If MTC, MTC+1, ...MIC+NLC, are requested, they are added to the in-group of the
appropriate table and the total is increased by MIC.

JPOS,MT,MULT.,.. This system allows the user to specify a response func-
tion which is any linear combination of the vector cross sections processed by
GROUPR, Before reaction MT is added into JPOS, it is multiplied by MULT. For
example, total helium production in '2C is (n,a)+3%(n,n’)3% and is formed by the
cards

*N,HE4%/
1107 /
L9123/

with NED = 2 and IPTOIL = 1 + 3 = 4,
Several special values of MI are recognized by DIFR.

MT Meaning
300 Py flux
470 fission x (steady-state)
471 delayed X
455 delayed ¥
J. CCCCR
NGGRUP ,MAXUP,ICHIST... In the current version of the code, these parameters

should all be zero (0). There is no coding for photon files, no provision for
upscatter and no allowance for a set ¥ (chi). )

ICHI... Only the values 0 and 1 are allowed. There is no provision for a
X-matrix.



K. _ MATXSR

NTYPE,NPART... A MATXS file can include any or all of four "types' of
data; neutron cross sections and transfer matrices (''NSCAT"), gamma production
matrices ("NGAMA"), photon interaction cross sections and transfer matrices
(""GSCAT'") and thermal neutron scattering ('NTHERM"). Depending on which data
types are desired, group structures will be required for neutron ("NEUT") or
photons ("GAMA") or both.

HTYPE,HPART ,HMAT... Data types, particles, materials (and reactions) are
identified by Hollerith names rather than integer flags as in the CCCC formats.
Names are given in A6 format according to well defined conventions. Data type
and particle names are left-justified.

*NSCAT *
*NEUT *

Material names are divided into three fields. The first two characters contain
the element abbreviation, left justified. The next three characters are for
the right-justified isotope number. For elemental evaluations, the isotope
number is replaced by the letters 'NAT" (for 'natural') in the "NSCAT" and
"NGAMA" data types, and left blank for the "GSCAT" data type. The sixth posi-

tion is used to distinguish among different evaluations of the same material.
Some examples are given.

*H 1 *

*BE 9 *

*BE gA*

*FENAT * for NSCAT and NGAMA
*FE * for GSCAT

*PU240  *

Some materials are not adaptable to these conventions and must be handled as
individual cases.

*ZIRC2*

THE MATXSR user need not be concerned with conventions for naming reactions,
as this is handled automatically,.

In a typical MATXS run, the first several cards of input might be these.

-21 -22 23

1 1 *T2LASL NJOY*/
2 3 4
% */

*IYPTCAL MATXS RUN WITH THREE DATA TYPES*/
*PASIC DATA FROM ENDF/B-IV#/

% %/

SNFUT % %GAMA %/

30 12

SNSCAT®  *NGAMA*  *GSCAT %/

In this example, three data types are requested for a MATXS file on unit 23.
Neutron interaction and gamma production data (in blocked binary) are input
from unit 21 and photon interaction data (in blocked binary) are to be found



on unit 22, The code expects to find input data averaged over 30 neutron groups
and 12 photon groups. Four cards of Hollerith identification are given.
Card input for the first data type ('"NSCAT") is given next.

1 1 4 3

1

1

*H 1 * 1 1 1269

*FENAT * 5 2 1192
*PU240 * 1 1 1265

The code will search through unit 21 for MAT=1269, and output data for the first
temperature and dilution factor under the name *H 1 *, The output for *FENAT *
will include the first five temperatures and the first two dilution factors for
MAT=1192. Particle one (''NEUT") is specified as both the incident (IINP) and
outgoing (IOUTP) particles.

Input for the final two data types might be as follows.

1 1 4 3
1

2

*M 1 % 1 1 1269
*FENAT * 5 2 1192
*PU240 * 1 1 1265
1 1 4 3

2

2

*H * 1 1 1
*FE * 1 1 26
*PU * 1 1 94

Note that for photon interaction data (GSCAT), all evaluations are elemental.

IFOPT,NSBLK... These parameters control the size of the matrix records
on the MATXS file. 1If IFOPT=1 and NSBLK=1l, then a single record contains all
Legendre orders of the entire scattering matrix for a given reaction. The
choice of IFOPT=2 separates each Legendre order into a separate record. The
NSBLK parameter may be set equal to the number of groups (NOUTG) for the out-
going particle, and each group will be a separate record.

V. SAMPLE PROBLEMS

The sample problems are designed to demonstrate the major options of NJOY
without using too much computer time. Long print options have been used to give
the user many opportunities to check his installation of the NJOY code. The
complete listing of the test problem output is included with this report on
microfiche. For the user's convenience, parts of the listing are reproduced in
Appendix C,.

A. Example 1
This run tests group averaging and pointwise file generation for a light
isotope (ENDF/B '2C MAT1274). Linearization, Doppler broadening, thinning, heat

11



production, and thermal scattering are included. ENDF/B tapes 408 and 322 are
required.

In RECONR, note that the code automatically adjusts the thresholds to agree
with the given Q-values. The addition of 130 points by linearization and the
removal of 25 points by thinning results in the final linear grid, which can be
seen in MF3/MT1 on the PENDF tape. The HEATR output shows the neutron part of
the heating for each reaction, then subtracts the energy carried off by photons
to get the final results. The results check at all energies shown; however, an
examination of 3/351 shows one negative KERMA factor at threshold.

In the GROUPR run, note that the LR-~flag on MI91 was picked up; this re-
action is actually (n,n')3a. The LR flag was also used in HEATR. The thermal
data shown here (MT201-203) is supplementary -- it is not included in MT=1.
Subsequent codes such as DTFR must replace MI2 with MI'201-203 in the thermal
range (groups 1-4) and revise the total accordingly. Caution: GROUPR numbers
groups in order of increasing energy.

On the PENDF tape, note that the dictionary and comments are correct. The
format used for MF=6 is similar to ENDF/B except for the ordering of Legendre
order and incident energy. The file uses a "TAB2" record to set up a loop over
incident energy (49 points). At each energy (1.E-5,3.16-5,...), a "TABl" record
is given for each Legendre order(Pp and Py in this case). Each "TAB1" record
gives the normalized scattering probability versus secondary neutron energy.

B. Example 2

This run processes one isotope for a practical CCCC library. It tests
resonance reconstruction, Doppler broadening to several temperatures, unresolved
cross sections, self-shielded multigroup cross sections, and CCCC-III interface
files (ISOTXS, BRKOXS, and DLAYXS). Tape 404 is required.

Note the message "POINTS REJECTED BY SIGNIFICANT FIGURES CHECK = 53",
ENDF/B allows only 6 significant digits for energy on BCD tapes; this check
ensures that no two points have the same energy value. In BROADR, note the
extensive thinning achieved after Doppler broadening the resonances, and the
speedup achieved using the '"bootstrap" option.

In GROUPR, it was only necessary to request those reactions with appreci-
able temperature dependence at the higher temperatures. These normally include
MT=1, 2, 18, 19, 102, 301, and 201-250. Also, MI259 is requested to get accurate
group-averaged velocities for ISOTXS. In CCCCR, the option to block matrices by
reaction was used. This is the best form for large-group structures. XSPO in
BRKOXS is simply 4ra? using the scattering length from MF2,

C. Example 3

The run demonstrates the generation of photon interaction cross sections
with DTF and MATXS output. The photon interaction tape DLC7E is required.*

First, a RECONR run is used to linearize the cross sections. The GAMINR
run uses the standard list of reactions. Note how the photon heat production
is assembled from the partial reactions and written out as MI=621. In DTFR,
the code automatically shifts over to photons when it sees MT501, so read
"PHOTON" instead of "NEUTRON" on this listing. Note that one special edit is
provided for heating in eV-.-barns, so the table length is set to 1+3+12=16, and
the position of the total is 1+3=4. 1In these tables, the first 16 numbers are
the positions for the first (highest energy) photon group, and so on for the
other groups.

i
"Available from the Radiation Shielding Information Center at the Oak Ridge
National Laboratory, Oak Ridge, Tennessee.
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The matrices in the MATXS file are labelled by '"position" rather than group.
The group corresponding to each position is determined from the table of "LOWEST
ENERGY GROUP". For example, GPAIR (pair production) has data for only 9 "posi-
tions". The table shows that the corresponding lowest energy source group is 9,
so there is scattering into group 10 from the highest 9 groups.

D. Example 4

This run demonstrates NJOY's capability to produce cross-section covari-
ances from ENDF/B data. Tape 408 is used.

The ERRORR module has been asked to produce its own cross sections using
the 56-group union of the input 5-group structure and the energy points on the

covariance file MF33. Some of these cross sections are to be derived from
others.

MT2=MT1~-MT51-MT91-MT102-MT107
MT3=MT51+MT91+MT102+MT107
MT4=MT51+MT91

The collapsed 5-group cross sections are printed out on the listing. The
relationships of derived cross sections are also used to obtain the individual
covariance matrices given. This input will not be required for ENDF/B-V.

VI. CODE INSTALLATION

The reference version of NJOY operates on CDC equipment at LASL. The code

includes comment cards pointing out places where changes must be made to install
the code on IBM equipment. This is an example.

PROGRAM CCCCR
C IBM SUBROUTINE CCCCR

C IBM IMPLICIT REAL#*8(H)

MULT=1
C IBM MULT=2

The first line is to be "commented-out" with a C CDC ... and the C IBM is to be
removed from the second card. The third line is an example where no CDC line is
to be deleted. Some other routines are marked with alarms such as '"'machine-
dependent CDC version'. These IBM changes should prove to be a good starting
point for conversion to other machines.

In order to simplify preparation of loader overlay instructions (if re-
quired), a CDC load map has been included as Appendix C. Caution: the same
name is sometimes used for subroutines and common blocks in different over-
lays. Some systems use a non—~ANSI "P-factor' -- in such cases, change every
occurrence of 1P to OP using a text editor.

Machine-dependent plotting logic has been left in DTFR as a guide to local
implementation. All routines from PLOTED on can be deleted if desired. Also
delete the plot calls at the end of DTFOUT.
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NJOY is designed for use on an interactive time-sharing system, if desired.
The main routine contains a unit number NSHORT, which should be equivalenced to
the user's TTY (Tape 6 on 6600/NOS) for both input and output. NJOY will then
prompt the user for all input and print a condensed account of the progress of
the code and any error messages on the TTY. The regular long output will still
be available on TAPE 7.

VII. TYPICAL MACHINE TIMES

Typical run times are difficult to quote for such a complex system. Tables
IT and III give CDC-7600 times for practical problems.

A few general principles may help the user to guess times for his jobs.
The pointwise modules RECONR, BROADR, and HEATR require time proportional to
the number of energy points in the cross sections, hence the number of reso-
nances. UNRESR depends mostly on the number of energy points in MF2, MT151.

In GROUPR, the time required for vectors depends on the number of energy points
but not on the number of groups and only weakly on the number of 0p values
requested. The matrix time does increase with the number of groups. Even more
important is the energy range--discrete inelastic reactions require much more
time if many groups above 10 MeV are requested, due to the extreme anisotropy
found there.

This code is extremely "I/0 bound". Run times can often be reduced by
requesting larger input/output buffers from the system., Use binary mode when
possible. Also, I/0 time in BROADR can be reduced by allocating more storage
if available (see /STORE/ and NAMAX in BROADR).

VIII. PROBLEM SIZE AND STORAGE ALLOCATION

NJOY uses variable dimensioning and dynamic storage allocation throughout.
The STORAG system in the main overlay is provided for this purpose. Even with
this flexible system, however, there is a set of complex tradeoffs on problem
size and run time, The BROADR timing above is one example. These tradeoffs
can sometimes be changed by altering the storage in /STORE/ in each overlay, and
the sizes of certain other variables in each module. Violations will normally
result in an error message. The practical problems in the timing tables give
some idea of the range of problem size that NJOY can handle without modification.
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TABLE TI

CDC-7600 RUN TIMES FOR NUCLIDES FROM SEVERAL PRACTICAL LIBRARIES

Run Times (s)

Nuclide
Name 30 x 12%  ENDF/B-IV-PENDF® CPM (69-Group)© 185-Group®
H-1 87 785 - .
He—4 55 92 76 511
Be-9 69 585 - 1200
c-12 56 698 560e 1665
0-16 146 220 127 1224
Na-23 397 328 171 959
AL-27 321 281 179 2130
K 159 94 220 -
Ti 46 - - -
cr £52 576 351 3289
Fe 390 419 305 2963
Ni 400 470 213 3092
Nb-93 812 - - -
Mo 134 - . 439
Ta-181 284 - - 616
W-186 251 - - 647
Pb 111 - - 952
U-233 474 901 482 -
U-235 420 851 464 1470
U-238 3007 3078 1419 6021
Pu-238 105 264 270 -
Pu-240 1714 1705 1002 2357
Am=243 42 173 188 -
Cf-251 96 - - -

2A coupled neutron-photon-heating library with 30 neut:on groups, 12
photon groups, P4 matrices, T = 300 K, and Og = =,

bA linearized, resonance-reconstructed, Doppler-broadened (five temper-
atures) library, with KERMA factors as well as tound and unbound thermal
kernels in three Legendre orders. Basic data from ENDF/B-IV.

CGroup-—averaging (GROUPR) runs for P3 thermal-reactor library using the
EPRI-CPM 69-group structure, and including thermal matrices, self shield-
ing factors for heavy isotopes, and P; matrices for light moderators.

dGroup—averaging (GROUPR) runs for an extensive super-group library from
preliminary ENDF/B-V with 185-neutron groups and 48 photon groups, and
including thermal data, self-shielding, P4 matrices, and photon production,

€12¢ and Graphite.
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TABLE III

CDC-7600 RUN TIMES FOR SEVERAL
SPECIAL PROCESSING TASKS

Task Time (s)

12 group P3 photon interaction 73
(per element)

48 group P3 photon interaction 89
(per element)

MATXSR run for complete 30 x 12 329
MATXS1 library including 74
nuclides of neutron data and
41 elements for photons

of Energy. Additional support was provided by the Electric Power Research
Institute,.
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APPENDIX A

INPUT INSTRUCTIONS AND MODULE ABSTRACTS
COPIED FROM COMMENT CARDS IN NJOY

t*t*t*k*t***t*****k*h****i***t******k**k*t*k*******i*t**ﬁ***t*****

*

*
*

NJOY NJCLEAR ROSS SECTION PROCESSING SYSTEM

*
*

*

****k******k********h***t***t**i**i*tt**t*************t***********

A

B 2% % % W % N XN N ¥ N ¥ X X R N ¥ X X * N * X ¥ ¥ % ¥ X

=
(o]

NJOY IS A SYSTEM 0OF PROCESSING MODULES INTENDED TO CONVERT
ENDF/B VERS, TV OR V CROSS SECTION DATA INTO FORMS USEFUL
FOR PRACTICAL APPLICATIONS,

RECONR,, (RECONSTRUCT POINTAISE CRNSS SECTIONS FRUM ENDF/HY
RESONANCE PARAMETERS AND INTERPOLATION SCHEMES,

HROADK, , ,DORPP|_ER BROADEN AND THIW POINTWISE CROSS SECTIONS,

UNRESR,, COMPTE EFFECTIVE POINTWISE SELF~SHIELODED CROSS
SECTIONS TN THE UNRESOLVED ENERGY RANGE,

HEATR,, COMPUTE HEAT PRODUCTION CROSS SECTIONS (KERMA),

THERMR, , ,GENEQATE NEUTRON SCATTERING CROSS SECTIONS AND
POINTTIDmpOINT SCATTERIHNG KERNALS IN THE THERMAL RANGE
FOR FREE noR BOUND AToMs,

GROUPR, , ,GENERATE SELF«SHIELNDED MULTIGROUP CROSS SECTIONS AND
GROUP=T0=gROJP SCATTERING AND PHOTON PRODUCTION MATRICES,

GAMINR,,,COMPUITE MULTIGROUP PHOTON INTERACTION CROSS SECTIUNS,

SCATTERING MATRICES, AND HEAT PRODUCTION,
ERRORK,, ,CONSTRUCT MULTIGROUP COVARIANCE MATRICES,

MODER, , ,CONVERT BETWEEN ENDF/8 STANDARD BCOD MODE AND THE
NJOY BLOCKED BINARY MODE,
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*

kmmw [NPUT SPECIFICAYlUNSnﬂ.n—nwp-.uu-m-u--mqnmn-.-.u-n-.’u----.m-

*
*

DIFR, ., .DUTPUT AND PLOT MyLTIGROUP DATA FOR DISCRETE ORDINATES
TRANSPORY CODES,

CCCCR, ., FORMAT MULTIGROUR pAYA INTD THE CCCC VERS, 3
INTERFACE FILES I50TxS, RRKOXS, AND DLAYXS,

MATXSR, ,,CONVERT MJULTIGROUP DATA INTO THE COMPREHENSIVE MATXS
CROSS SECTION INTERFACE FORMAT,

EACH MODULE Tg A BEPARAYTE QVERLAY, THE MAIN PROGRAM CONTROLS
THE DRDER IN wHICH MODUYLTES ARE USED AND CONTAINS UTJILITY
SUBROUTINES USED BY ALL MOpULES,

CARDY InpUT OPTION
10PY @ FOR CARU INPyUT AND FyLL QUIPYT,
1 FOR TERMINAL INPUT WITH SHORT OUTPUT UN TERMINAL
CARD?
IVERF ENRDF/R VERGION NUMBER (4 DR 5 ONLY)
CARD 3
MOP T S$TX CHARACTER MOpDULE NAME (ONLY FIRST FOUR

CHARACTERS ARE 0SED), REPEAT FUR EBACH MODULE
DFSIRED, USE STOR TO TERMINATE PROGRAM,

SEE THE COMMENTS AT THE 8§TARY OF EACH MODULE FOR
ITS SPECIFIC TnPUT INSTRUCYIONS,
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PROGRAM RECONR
t*t****i*i**k*******i*t****tk*k*********k**i**k*ﬁ************ﬁ**i*

*
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RECONSTRUCT POINTWIBE CR0Ss SECTIONS

THIS PRUGRAM RENERATES AN ENERGY GRID WHICH IS THE UNION OF
AN INPUT GRID (IF ANY), THE RESONANCE ENERGIES (IF ANY), AND
THE ENERGIES nF CrROSS SECTTONS IN MF3 AND HMF13 (DR MF23),

THE POINTWISE CROSS SECTTONS ARE THEN COMPUTED ON THIS GRID
AND POINTS ARFE ADDED 80 THAT THE RESONANCE CROSS SECTIONS AND
ANY CROSS SECTIONS REPRESENTED BY NONmLINEAR INTERPOLATION
ARE REPRONDULEM WITHIN A SPECIFIED TOLERANCE BY LINEAR INTER=
POLATION, P81eCHT RECONSTRUCTION CAN BE USED IF DESIRED,
SECTIONS WHICH ARE NOT Cr0OgS SECTIONS (MU,NU) AND PHOTON
MULTIPLICTITIE®G (MF12) ARE NOT PROCESSED, REDUNDANT REACTIUNS
ARE RECONSTRUCTED TO BE THF SUM OF THEIR PARTS, THE PENDF
TAPE CONTAING eNINT CROSS SECTIONS IN MF3Z AND MF13 (OR “Fes)
AND A DESCRIPTION OF THE PROCESSING IN MF1, THE MF] DICTIUNe
ARY I8 UPDATEPR, THE C1 aND c2 FIELDS OF THE SECOND CARD IN
MF{ CONTATN THE TEMPERATURE AND RECONSTRUCTION TOLERANGE
RESPECTIVELY, AN MF2 APPROPRIATE TO NO RESONANCE PARAMETERS
IS CONSTRUCTEP WITH THE pOTENTIAL SCATTERING LENGTH ADDED,
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* *
x THIS PROGRAM 1§ A RPART Up THE NJOY NUCLEAR DATA PROCESSING *
x SYSTEM, THE peSOMANCE RECONSTRUCTION USES THE METHODS OF X
* RESEND WITH AppROPRIATE MODIFICATIONS, *
& *
kmew INPDUT DATA CARDSn--’-!.w.n.-----------n-.!-muﬂﬂnﬂnw--'-ﬂﬁﬂn.-*
* *
x CARD 1t *
* NENDF JNIT FOR ENDF/R TAPE *
x MPFaD WN1T FOR PENDF TAPE *
*x CARD 2 *
* LABFL be CHARACTER LaABEL FOR NEw PENDF TAPE *
k CARD 3§ *
* MAT MATERYAL TO RE RECONSTRUCTED *
* MATZd TERMINATES EXECUTION OF RECONR, *
* NCARDS NUMBER OF CARDS 0F DESCRIPTIVE DATA FOR NEwW MF} *
* NGRID NIUMBER OF USER ENERGY GRID POINTS TO BE ADDED, *
* CARD 4 *
X ERR FRACTIONAL RECONSTRUCTION TNLERANCE *
x TEMPR RFCONSTRLCTION TEMPERATURE (DEG KELVIN) *
&+ CARD § «
* CARDS NFARDS OF DESCRIPTIVE COMMENTS FOR MT4bh *
* CARD 6 *
* ENODE UGERS ENERGY GRIp POINTS *
* *
k**k**t***k*ki****t*k**t***t******k*****t**k*t**k**ti*************

PROGRAM RROADR
KK A KRR AKARK R AR AR KA K AR AR R A A R A A AR AKX AR RN RN AR A AN R KRR AR A kAR KRR AR A kA
* .

DOPPLER BROADEN AND THIN NEUTRON POINT CROSS SECTIONS

A MODIFIED VERSION OF THE KERNAL BROADENING METHOD DEVELOPED
FOR SIGMAL (D _ELCULLEN, LLL) IS USED, CRNOSS SECLTIONS

FOR LOW THRESHOLD REALTIONS ARE UNIONIZED ON THE GRID OF THE
TOTAL CROSS GpCTION, THEN BROADENED AND THINNED IN PARALLEL,
HIGH THRESHOLp REACTIONS ARF NOT BROADENED, THE RESULTS ARE
WRITTEN QUT IMN PENDF FDORMAT WITH EACH TEMPERATLRE REPRESENTED
AS A DIFFERENT MAT, DICTIONARIES ARE CNRRECTED T0 REFLECT
UNIONTZATION AND THINMNING, FOR HIGH TEMPERATURES AND LOw
ENERGIES WHERp THE METHOD 0OF SIGMAY BREAKS DOWNy, A NEW DIRECT
EXPANSION OF ftHE DOPPLER INTEGRAL IS USED,

mwe INRPIJT DATA CARDsl'-'-W-l!qw----n--9----q-nﬂnuovnnnuu----------

CARD
NIN INPUT PENDF TARE
NOUT OUTRPUT PENDF TaPE
CARD 2
MATY MATERIAL TOQ RE PROCESSED

NTEMP2 NUMBER OF FINA| TEMPERATURES
ISTART  RESTART (¥ Np, | YES)
ISTRAP  BNOTSTRAP (@ NO, 1 YES)
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TEMPY SYARTING TEMPpERATIRE FROM NIN
ERRTHN FoACTTIONAL TolLERANCE FOR THINNING

CARD 3
TEMPR FInAL TEMPERATURES (DEG KELVIN)
CARD 4
MATI NEXT MAT NUUMRER TD BE PRUCESSED wlTH ThESE

PARAMETERS, TERMIMATE WITH MATI=O,
cam NPUT RTINS s mmommrmoymamen e rrrernesrssralara T anorranm ansnw®

THE OUTRPYT TApp Alll CONTAIN THE NTEMPR2 FINAL TEMPERATURES
SPECIFIED, Iy T8 NECESBARY TO HAVE TEMPL,LE,TEMPZ(1),
IF TEMP2 Fi, TEMPL, ThE DATA wIlLL BE THINNED ONLY,

RESTART CONTINUE BROANENING AN EXISTING PENDF TAPE, ALL
TEMPFRATURES ARE cOPIED THROUGH TEMPL, ADDITIONAL
FINAL TEMPERATURES ARE ADDED BY STARTING WITH THE
DATA AT TEMPL,

RUOOTSTRAP IF pOOTSTRAP 1§ NOT REOQUESTED, EACH FINA{ TEMPERA=
TUpe 18 GENERATED HY BROADENING DIRECTLY FROM
TEMpy T0O TEMP2, IF BOOT3TRAP 15 REQUESTED, EACH
FINAL TEMPERATURE IS HROADENED FROM THE PRECEDING
TEMPERATURE . THIS UPTION IS FASTER DUE TO THE
THINNING IN THE PREVIUUS STEP, HOWEVER, ERRQRS
ACCUMULATE,
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PROGRAM UNRESR
KRAKR ARk AR A AR AN A AR AR AR AN AR kAR A RN KRR N A RARARARARRRA AR A AR A AR AR Ak Akk Nk ok

1 X
k COMPUTE UNRESOLVED RESONANCE CRNDSS»SECTIONS *
* *
****t*i*k*k*******k*k****t**********t********#*i******t*****t*****
* *
x THE METHOD OF 10X 1S USED Tn COMPUTE SELF=SHIELDED *
# UNRESOLVED RESONANCE CUROSS«SECTIONS ON THE ENERGY GRID OF *
* THE UNRESOLVEN PARAMETERS, SUBSEQUENT INTERPOLATION 18§ *
# 70 BE ON THE prOBSeSECTINNG AND NOT ON THE PARAMETERS, *
* ADDITIONAL ENFRGY GRID POINTS ARE ADDED AT QUARTER LETHARGY *
* INTERVALS IF oNILY THREE QR FEWER GRID POINTS ARE FOUND, *
* THE ACCURATE HWANG QUADRATURE SET IS USED FOR THE INTEGRALS, *
* *
AQuﬂINPUT DATA CAR[)sg-m”nw.u.q.n-qn-nmn--u-nnﬂ---ﬂn-uuu-uﬂln—-wncn*
X *
x CARD *
" NENDF UNTT FOR ENDF/R TAPE *
* NIN UNIt FOR INPUT PENDF TAPE *
* NOUT UNIT FOR QUTPUT PENDF TAPE ®
x CARD 2 *
* MATD MATFRTAL TU BE PROCESSED *
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% MATp=? TERMINATES UNRESR *
* NTEMP NO, 0OF TEMPERATURFS %
x NSIGYZ NO, oF SIGMA ZEROES *
* TRPRINT  PRINT OPTINN (pasMIn, 13MAX) *
* CARD 3 *
* TEMP TEMpFRATURES In KELVIN (INCLUDING ZERO) *
¥ CARD 4 *
L] SIGZ SIGMa ZERO VALUES (INCLUDING INFINITY) *
X *
AR N N N S RS P TSR A R N E R 2RSSR RS RN SRR ERES

PROGRAM HEATK
R LR AR R AR R AR R gk ARk kKA T Rk kR ke kA AR R R AR N R AR R AR AR AR AR AR R AR AR R R AR Rk
*

COMPUTE HEATING KFRMA (KINETIC ENERGY RELEASE IN MATERIAL)

THE PROMPT kipMA IS CUMPUTED POINTAISE ON THE GRID OF THE
TOTAL CROSS SpcTION FROM THE INPUT PENDF TAPE AND WRITTEN
ONTO THE OQUTPIT PENDF TApE AT INFINITE DILUTIUON USING THE
302 SFRIES OF M7 NUMBERS, ALL TEMPERATURES ON THE INPUYT PENDF
TARE FOR THE prSIRFD MATERTIA| ARE PROCESSED, THE DICTIONARY
I8 REVISED, REACTION 0 VALUES ARE OQBTAINED FROM THE ENDF/B
TARPE UNLESS THE USER ENTERSG HIS OWN VALUE, PARTIAL KERMAS
CAN HE REQUESTED FOR SELFeSHIELDING CALCULATIONS OR OTHER
PURPNSES, THE CODE USES THE ENERGY BALANCE METHOD WHERE
PHOTON FILES ARE AVAILABLE AND DEPOSITS ALL PHOTON ENERGY
LOCALLY wWHEN g1LES ARE NoT AvAJLABLE, THIS ASSURES
CONSISTENCY HMeTWEEN NEUTRON HEATING AND ENERGY DEPUSITON BY
SUBSEQUENT PHnTON INTERACTIONS,

IF DESIRED, THE ENERGYwBALANCE KERMA FACTORS CAN BE COMPARED
WITH CONSFRVATIVE KINEMATIC LIMITS (BEY IPRINT=z2),

vwn [NPUT DATA CARDSwemmurm  manem s nanrenmsrap et rrensnsarcnnmenrrane

% N F B ¥ N ¥ ¥ X X B H W X ¥ N W X ¥ F N O H N N B N ¥ X P NN F ¥
¥ % N ¥ W N % % ¥ O N B W ¥ M N W N XN % % % ¥ ¥ W ¥ ¥ N N % N ¥ ¥ F X ¥ F *

CARD 1
NENDF UNIT FOR ENDp/3 TAPE
NIN UNIT FOR INPUT PENDF TAPE
NOUT UNIT FOR UuTplUT PENDF TAPE
CARD 2
MATD MATERTAL TO RE PROCESSED
NP K NUMBER OF PARTIAL KERMAS DESIRED
NJA NUMBER OF USER SPECIFIEDR @ VALUES TO BE ENTERED
IPRINT PRINT QPTION (a2 MAX, 1| MIN, 2 CHECK)
CARD 3
M1K M1 NUMBERS FOR PARTIAL KERMAS DESIRED
TOTAL (MT3p1) WILL BE PROVIDED AUTOMATICALLY
CARD 4
MTA My NJUMBERS FOR USERS O VALUES
CARD §
QA USER SPECIFIER @O VALUES (EV)

22
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PROGRAM THE

RMR

KRR KNk AN RA kg A AR AR AR A R Ak Ak WA R AN AR A Ak Rk KA AR A AR AR AR AR KRR AN

*

SECTIONS

UETING MT

THE TAPRE

COARSE G
CURRENT
1,)

Cal
34

44

1,7

Cak 1
NENDF
NTN
NOJT

CARD ¢
MATDE
MATDR
LORD
NTEMP
TINC

* % ¥ N N W W N N X ¥ X W % W N N ¥ N % ¥ X ¥ N X X W X ¥ X ¥ W ¥ ¥ N ¥ ¥ X N X W ¥ W N N »

1COH

ARE ADRFD

ADD POINTWISE SCATTERIHG CRNSS SECTIONS AND SCATTERING
MATRICES T0D AN EXISTING PENDF TAPE, INCOHERENT CROSS

TU Mp3 AND INCOHMERENT MATRICGES ARE
WRTTTEN IN Mpey (USING A MODIFIED FORMAT), BOTH USING MTREF,
COMERENT SCAPTERING CrRUGS SECTIONS ARE WRITTEN IN MF3 ONLY

REF+1 FOR Lk, MmTREF+2 FOR L=y, ETC,

MULTIPLE SCATTERING
NSRITTEN ON ONE PENDE
FOR EACH THEpMR RUN,

s IT Wil

RID,

TYPES (1E, H FREF AND H IN HR0) CAN HBE
TAPE RY USING DIFFERENT VALUES OF MIREF
IF DATA FOR OMF MTREF 18 ALREADY ON

Bt REPLACED WITH THE NEW CRDSS SECTIONS,
THE ENERGY GrID FOR COMERENT SCATTERING 15 DETERMINED
ADARPTIVELY 80 AS TO REPRESENT THE SHARP HRAGG EDGES TO

A SPECIFTED ynLERANCE USING LINEAR INTERPOLATION, THE
SECONDARY FHNRRGY GRID FOR INCOWERENT SCATTERING I8 ALSOD
DETERMINED APARPTIVELY, THE INITIAL ENERGY GRID IS WIRED IN
(SEE EGRID Iw CALCEM), A SPECIAL RROJECTION INTERPULATION
SCHEME [s USED IN GRUUPR TO INTEGRATFE THIS RELATIVELY

CAPARTLITIES e, o

COMPUTF FREE™GAS SCATTERING MATRICES AND NORMALIZE
TO THE ELASTIC cROSS SECTION DN THE OLD PENDF TAPE,
FORMAT TRIANGULAR MATRICES PRODUCFL BY OTHER (CODES,
COMPTE TINCOHERENT MATRICES FROM READwIN
S(ALPHA,RETA) DaATaA,

COMPLUTE COHERENT SCATTERING FROM HEXAGONAL LATTICES,

FUTURE CAPABYLITIES s,

GENFRATE S(ALPHA,BETA) FROM BASIC PHYSICS DATA,

""JSER INPUTm..nq--ﬂtﬂuﬁ“w.-.wnn---un-pqn-.wu-nn-.-q-u.unn-w-nn

ENDF/B TAPE FQR MF7 DATA
NLL PENDF Tapg
MEW PENDF TAPE

MATERIAL DESIRED ON ENDF TApE
MATERIAL PESIRED ON PENDF TAFPE
MAX TMUM LEGENDRE ORDER

NUMHER 0OF TEMPERATURES
INCOHERENY QPTIUNS

=V AV -

NONE

COMPIUTE AS FREE GAS

READ TRIANGULAR MATRICES
COMPUTE S(ArsBR) AND MATRIX

READ S(A,R) AND COMPUTE MATRIX

COHERENY aPTION (@=NU, 1=GRAPHITE)

¥ W % ¥ X % N % N % N ¥ * B W ¥ N X N N N B ¥ % N ¥ N N F ¥ & ¥ N N ¥ ¥ ¥ ¥ ¥ ¥ B ¥ F ¥ ¥ ¥ ®
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PROGRAM GROYPR
KAk A AR R AR R AR R kAR AR R Ky A Ak AN AR R R AR AR RAARA R RN NN AR RARRR KA RN R &

%

» ¥ N X R % N X NN N RN R RN RN

3]
&

COMPUTE SELFWSHIELDED GROUPLAVERAGED CROSSmSECTIONS

* A NONE

* 1 GRAPHITE

* 2 REQYLLIUM

x 3 BERYLLIUM DXIDE

* NAT M NUMBER OF PRINCIPAL ATNMS

X MTREF MT FUOR INCOMEREMNY MATRIX (201w25@ ONLY)

A COMERENT p@ wILL 8F IN MYREF+1, ETC,

* IPRINT PRINT UPTTION (@sMAXTIMUM, 13MINIMUM)

x  CARD 3

* TEMPR TEMPERATURES (KELVIN)

x  CakrDd 4

* TCOL TOLERANCE

* £ MAX MAXIMUM ENERGY FOR THERMAL TREATMENT

X

komwmfF (R IINC:R ﬂNLYut-l'll"--nl--.4.--n-----------ﬂ-na'--nn...--'nuuuu
# [LARD 5

* IVvDV AsUSE DEFAULT VELOCITY AND DELTA=VELOCITY
* ARRAYS FOr wN6PR=3%, (=READ IN VELOCITY AND
* NELTA=VELNCITY ARRAYS

x NREAD UNTT FUR INpUY TAPE FROM FLANGE,

* pEINPUT Is ON CARDS

* CARD & FOR IyDVz1

* VELOCTITY

* CARD 7

* DELTA=VELNCITY

x  [ARD B8 FOR NgEADsQ

> SCATTERING MATRIX FOR { . ORDER

*
****t***k**i****ﬁﬁ***t********ti********ﬁt******k***********tk**t

PRODUCES SELFeSHIFELDED Cr0OSS SECTIONS, NEUTRON SCATTERING
MATRICES, AND pHOTON PROpUCTION MATRICES, SCATTERING AND
PHOTON MATRICFS MAY BE 3FLF-SHIELDED IF DESIRED (SEE INIT),

RONDARENKQ WEIGHTING I NORMALLY USED, OPTIONALLY,

THE FLUX

CAN HE COMPUTED FOR AN INFINITE MIXTURE OF MHEAVY ABSORBER
AND LIGHT MODFRATOR, OELAYED NEUTRON DATA AND THERMAL

SCATTERING MATRICES ARE HANDLED SPECIALLY,

THE INTEGRATION OVER INITIAL ENERGY I8 MANDLED IN THE S8AME

WAY FOR ALL RFACTION TYPES BY USING THE INTEGRAND
FEERQaXSECAFLUX

FEEC IS THE SQURCE INTO FINAL ENERGY GROUP GPRIME AND

LEGENDRE ORDER L FROM INITIAL ENERGY E (BEE GETFF).
VECTORS, THE FEED IS 1, OR A YIELD (NUMBAR, MUBAR).

BODY SCATTERING, A CENTER=OF«MASS GAUSSIAN INTEGRATION IS5 USED

FQOR
FOR TwO

TO OBTAIN ACCURATE RESULTS EVEN FOR SMALL LEGENDRE COMPOUNENTS

W X W % X N N N W ¥ ¥ ¥ X X BN

*
]
*
*
*
*
*
&
*
*
*
*
X
x
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OF THE GROUPmtOwGROUP SCATTERING, ADDITIONAL INITIAL ENERGY
GUMADRATURFE POTNTS ARE ADDED TO INTEGRATE THE KNUWK POLYNOMIAL
ORDER OF THIS FEED FUNCTION, FEED FOR TABULATED CONTINUUM
REACTIONS IS rOMPUTED EXACTLY ON THE ENDF/B GRID POINTS AND
THEN INTERPULATED AT E, A SPECIAL PROJECTION INTERPOLATION
SCHEME I8 USEn FOR THERMAL MATRICES (SEE GETAED), THE FEED
FOR ANALYTIC goONTIHNUUM REACTIONS IS EXACT,

""""INPUT DAYA CApusw-nﬁ’-ﬁ-n--.uun—-uw-na-nn---n----—--w-nu--n-w.

CARD{
MENDF UNTT FOR ENDF /B TAPE
NRPEND Unty FOR PENDE TAPE
NGUUTY  uUNTY FOR IMpUY G0OUT TARPE
NGOAT2  UntTr FOR OUTPUT GOUT TAPE

CARDY
MATA MATERIAL TU Bf PROCESSED
TGN NETRAM GRUYP STRUCTURE QOPTION
166 GAMMA GRUODP STRUCTURE NpTION
IR WETGMT FUNCTION ORPTION
LURD LEGENDRE ORDER

NTEMP NUMBER 0OF TEMpERATURES
N3I1G2Z MUMDBER OF SIGMA ZEROES
IPRINT  LONG PRINT QPTION (AsYES, 15NO)

CARDS
TITLE
CARDY
TEMa TEMPFRATURES N KELVIN
CARDS
S1GZ SIgMA ZERD VALUES (INCLUDING INFINITY)
CARDG
IF 1T6Nsl, KEAD NEUTRON GROUP STRUCTURE
NGN NMUMRER OF GrQOUPS
CARD ©A
EGN NGn+t GROUP BrEAKSs (Ev)
CARD?
IF [6G=1l, READ GAMMA GROUP STRUCURE
NGG NUMBER 0OF GLrROYPS
CARD 7A
LGG NGhel GROUP BREAKS (EV)
CARD RAA

IF 1wT,LT,8, READ FLUX CALCULATDR PARAMETERS
EHT BREAK BETWEEN COMPUTED FLUX AND BONDARENKO FLUX
(MUST BE IM RESOLVED RANGE)
SIGROT ESTIMATE OF POTENTIAL SCATTERING CROSS SECTION
NFLMAX MAYIMUM NUMBER OF COMPUTED FLUK POINTS
CARDS BH

WEHT IF IwWTm) OR =3, RFAD WEIGHT FUNCTION AS TAB) RECORD
CARD 8¢ .
1F 1WT=5 OR w5, READ THE ANALYTIC FLUX PARAMETERS
BB THERMAL BREAK (EV)
TR THERMAL TEMPERATURE (EV)
EC FI14310N BREAK (EV)

N
()

% % % W % % % N % N N M ¥ % O O % N % O B N % % % A % F % % ¥ % W F N % % % O 2 F X ¥ X N F ¥ ¥ X F H ¥ ¥



TC FIsSION TEMPERATURE (EV)

CARDY )
MFD FILFE 10 Bt PROCESSED
MTD SErTTON TO BE PROCESSED

MYNAME  DEgCRIPTICN OF §FCTION TO RE PRUCESSED
REPFAT FOR ALL REACTIONS DESIRED
MED= TERMINATES THIS TEMPERATURE/MATERTAL
CARDD
MATD MEYT MAT NUMBER TO BE PROCESSED
TeoMINATE GROUPR pUN WITH MATOD=Q,

!--UPTIDNS FOR INPUT VAQIABLES-------n------n--n------wn-----n--

1GN MEAMING

ARBITRARY STRUCTURE (READ IHN)
C5EwWh 239 GROUYP STRUCTURE
LASL 34 GROUP STRUCTURE

ANL 27 GROUP STRUCTURE

RRD %A GROUP STRUCTURE

GAMw] 68 GROUP STRUCTURE
GAMeIlT (33 GROUP STRUCT.URE
LASER«THERMDS 3% GROUP STRUCTURE
EPRI=CPM 9 GROUP STRUCTURE
LASL 18RegROUP STRUCTURE

DO BN IS Y-

1GG MEANING

NONE ‘

ARBRITRARY STRUCTURE (L1ST RECORD)

CSEnG 94 BROUP STRUCTURE

ILASL 12 GROUP STRUCTURE

STEINER 21 GROUP GAMMAmRAY STRUCTURE
(ORNL®»TH®2564)

I EEEEE R IS I TS S S S N R A I A S A R e A A IR A R N R
Doy =

5 STRAKER 22 GROUP STRUCTURE

& LASL 4BaGROYP STRYUCTURE

IWwY MEANING

1 READ IN

2 CONSTANT

3 i/t

4 t/€ ¢ FISSION SPECTRUM 4 THERMAL MAXWELLIAN
S EPRI=CELL LR

] (THERMAL) »e (1/E) w= (FISSION + FUSION)
wN COMPUTE FLux WITH WEIGHT N
MFD MEANING

3 CROSS SECTYINDN OR YIELD VECTOR

5 FI18SION CHI BY SHORT=CUT METHODR

6 NEUTRONaNEUTRON MATRIX

- NEUTRONwGAMMA MATRIX (PHOTON YIELDS GIVEN)

[3*)
(o))

* W N N W W W W N % R N B * MW W % % W X % ¥ X W ¥ ¥ ¥ ¥ %N W F ¥ N W ¥ % ¥ N ¥ W W ¥ W
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X 17 NEUTRONmGAMMA MATRIX (PHOTON XSECS GIVEN) *
* ]
* MTD MEANING *
* oo w CLE XL ") &
* - PRUCESS ALL MT NUMBERS FROM THE PREVIQUS X
* FNTRY TO M INCLUSIVE *
* eh1mani RESERVED FOR THERMAL SCATTERING *
* *
*****kt*kt*******tktt****k***t*k****t******tt******k**ﬁ**k****t***

PROGRAM GAMINMR
AR AR AR AR A AR R Ak R A AR R Ak AR AR KN R A RN AR R AR RANA R AN AR AR AR R AR ARR AR R A &

* *
& PRODUCE MULTIgrOUP PHOTON INTERACTION CROSS SECTIONS *
* AND HEATING KgRMA FACTQORS JSING ENDF/B=Iv CROSS SECTIONS *
*# AND COHERENT AND IWCOHERENT FOR FACTORS, INITIAL ENERGY *
* GUADRATURE TECHTQUES ARE IPENTICAL TO THOSE USER IN GROUPR, *
* SECONDARY ENFRGY=AHGLE QUAPRATURE IS PERFORMED USING GAUSSIAN &
* INTEGRATIOHN, N
* *
*"-"INPLJI DATA CAR[)S.”“”n*-’-----'--'ﬂn.-.-'-ﬂ-.-".‘-qn._ﬂ-wﬂﬂ.-n*
* X
* CARD1 .
* NENDF UNTT FOR ENDF/B TAPE *
* NREND UNTT FOR PENDF TAPE b
* NGAMY - UNTT FOR INPUY NGAM TAPE *
* NGAMP UNTT FDR QUTPUT NGAM TAPE N
* CARD? «
* MATR MATERIAL TU BfF PROCESSED »
* INpUT MATERTIALS IN ASCENDING QRDER *
* 166 GAMMA GROUP STRUCTURE ORTION *
* Wy WETGHT FUNCTION OPTYION *
* l.ORD LEGENDRE ORpER *
* IPRINT  PRINTY QPTIUN o/ 1=aMAXIMUM/MINIMUM *
* CARD3Z *
* TITLE *
* CARDY *
* TF 1GGzi, READ GROUP STRUCTURE HERE *
x NGG NUMBER 0OF GROUPS *
* EGG NGg+1 GROUF BOUNDS (EV) *
A CARDSY %
* TF TWT&l, READ WwEIGHT FUNCTION HERE *
* WHHMT WETGHT FUNCTION AS TABY RECORD *
* CARDg *
. MFD FILE TO BE PROCESSKED *
* MTD SEcTION TO BE PROCESSED *
* MTMAME DEQCRIPTION OF SECTION TO BE PROCESSED *
* REPEAT FOR AL REACTIONS DESIRED *
* MEpe® TERMINATES THIS MATERIAL *
* CARDY *
* MATO NExT MAT NUMBER T0 BE PROCESSED *
* TERMINATE GAMINR RUN WITH MATD=n, *
* *
k*t***tt**ﬁ*********ﬁ***t****t******ﬁ*tt****************t*********
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PROGRAM ERRORR
******t*t**ii**********************it*‘k************i*************ﬂ

*

% M N % % W N X Ok N N W N P N N B N XN W N % B N XN N N X N B B K ¥ N N N ¥ N X N X % N ¥ * ¥ ¥ ¥ x

memF R ENDF/HB VFRSION 4 (IVERF:U) ONLYwmonweatoworennannanevennne

Qn-u-n--Q--—-w--nm-u--ﬂ-9-q...,------n--u—---n.n-w--m----u-wmu--n

PRODUCE CROSS SECTION CUVARTIANCES
FROM ERROR FILES IN ENDF/B FORMAT,

FIRST, THEL UNTOMN FNERGY GRID OF THE USERS GROUP STRUCTURE

AND THE ENDF CcOVEARIANCE ENERGIES IS DETERMINED, THE ARRAY

OF COEFFICIENTS FOR DERIVED CROSS SECTIONS IS ALSO CONSTRUCTED,
THEMN MULTIGROyP CROSS SErTIonS ARE CUMPUTED ON THIS FINE GRID

(SEE GRPAV) {lp READ FROM A MASTER CROSS SECTION LIHRARY, THE
METHODS OF GROUPR ARE USED FOR CROSS SECTION AVERAGING, FENDF
COVARIANCES AND GROUP CRNSS SECTIONS ANE THEN COMBINED TO

GET THE BASIC COVARIANCE MATRICES (SEE COVCAL), FINALLY,

THE BASIC MATRICES ARE COMRINED TO GET COVARIANCES FOR
DERIVED REACTINNS, THE MATRICES ARE COLLAPSEDR FOR THE UNION
GROUP STRUCTURE, AwD THE RESULTS ARE PRINTED AND/QR WRITTEN
ONTO AN QUTPUT GENDF TAPE FOR LATER USE (SEE COVOUT),

--.INPUT‘ I'.,>ATA---nn-q!'-Q-ow-w...-.-.---ﬂ--u--lﬂ-F.n-O'-.----ﬂ-w.ﬂ-'u

CARD 1
NENDF UNTT FOR ENDF/B TAPE
NPEND  UNTT FDR RENDF TAPE
MBOUT UMTT FOR GUUT TaPE
(If ZERO, BGROUP xsECS WILL BE CALCULATED)

NOUT UNTT FOR OUTPUT TAPE
CARD 2

MATD MATERIAL TU BE pPROCESSED

IGN MEPTRON GROUYP QPTION

IPRINT PRINT OPTIUN (AgMINIMUM, {zMAXIMUM)
IRELCO RELATIVE COVARIANCE ODPTION (P=ABS, 1=REL)
CARD 3 (OMIT IF NGOUT,GT,®)
IWNT WETGHT FUKCTION OPTION
MPRINT PRINT UOPTION FOR GROUP AVERAGING (DsMINg, 1laMaX,)

CARD 4
NEK NUMBER OF DERIVED XSEC ENERGY RANGES
(IF ZERO, ALL XSECS ARE INDEPENDENT)
CARD § (OMIT IF NEK=Q)
EK NEkK+1 DERIVED XSEC ENERGY BOUNDS
CARD 6 (OMIT TF NEK=Q@)

AKXY PERIVED CRUSS SECTION COEFFICIENTS

CARD 7 (IF IgW,6T,1 UNLY)

® % % % % % % ¥ ¥ X N W X ¥ F ¥ K ¥ % N ¥ % X ¥ O % ¥ % F ¥ X % ¥ X ¥ ¥ ¥ % % ¥ » % ¥ ¥ X ¥ % ¥ X *

NGN NUMBER OF GROyPs
CARD 74
EGN NGN+1 GROUP BOUNDS (EV)



x CARD B (IF TWwT,GT,! OnLy) *
* WGHHT WETGHT FUNLTION AS A TAB1 RECORD *
N x
******‘***************‘*****************g*****i***t***************

PROGRAM MUDER
k***k*k*k****t*****t********t**i****t*******t********ﬁ********ﬂ***

" *
*  CUHANGE THE “npE OF AN ENDF/R TAPE, *
* *
*'w.lNPUTnq--n-_.nnuuunw.m.n.-.-n-mwnnn--nnwnvuvn-nw----.wu..n-v-*
* CARD INTT NUMBERS *
* NIN TNPYT UNTT *
* NOUT AUTAUT UNTT *
x *
* A POSITIVE UNIT 18 8BUD (MODE 3), *
* A NEGATIVE UNIT I35 BLGCKED BINARY (NJOY MQDE), *
* *
AXAKAR AR R R A kAR A A AR AR AR AN AR A A A AR A RN AR R R R A RAR AR A AR A AR AN AARRANAAN AKX

PROGRAM DTFR
AR AR AR AR R A AR K ke g AR RN AR AR ke kAR A AR R AR AR AR AR AR AR R AR A AR AR AR AN
x

* CONVERT QUTPUY OF GROUPR YQ DTF FURMAT

*

*« PROCFSSES NEUYRON AND GAMMA PRODUCTION CROSS SECTIUNS AND

* MATRICES, THFE NEUTRON TABLES CAN HAVE REDUCED TAHLE LENGTH,

# UP«SCATTER IS ALLOWED, THE ABSORPTION REACTION IS8 COMRUTED

* FROM THE TOTAL CROSS SECTION AND TOTAL SCATTERING, ANY EDITS
* CAN 3F PRODUCED WAMICH ARE ETITHER GIVEN IN THE ENDF/B FILE

x OR ARE LINEAR CNHMBINATIONS OF ENDF/B CROSS SECTIONS, THE

x FISSION NUXSIGQF AND CHI ARE COMPUTED FROM THE FISSION MATRICES
* FOR AlLL PARTIA|, FISSIUN REACTIONS, CHI INCLUDES SOQURCE

# WEIGHTING, THE PL TABLES FOR L4GT,9 CONTAIN THE PL WEJGHTELD

x TOTAL IN THE t1OYAL POSITION AND THE PL TRANSPORT CRQSS SECTION
x N THE ABSORPTION POSITION, THE GAMMA TABLES HAVE GAMMA GROUP
*# 1 IN POSITION {, 2 LW POSITION 2, ETL, WITH A TABLE LENGTH

* EQUAL TO THE NUMBER DF GAMMA GRDUPS,

*

k WARMNING,,, THTIS PRDOGRAM 18 EXTREMELY MACWINE DEPENDENY

* RECAUSE OF ITg PLOTTING cAPABILITY, THE CODING 15 LEFT

* A3 A GUIDE FOr CONVERSION TO OTHER SYSTEMS,

*

*"”INPUT DATA CARws-W“’mﬂnnnuq—-ﬂ--u.n---qq-n-m-nn-ua—-,q-qnpppn
*

P L U A R A S S T T

* CARD | IUNTITSH

* NN INPUT UNIT wITH DATA FROM GROUPR (EINARY),
* NOUT AUTPUY UNTIT CONTAINING DTF TABLES (BCO),

x NPEND INPUT UNIT WITH PENDF TAPE FOR POINT PLOTS,
x CARD 2 ORPTIONS

* IPRINT PRINT CONTROL (@ MAX, | MIN)

N
O



* IFILM FILM CONTROL (d YES, | NO) *
* IEDITY ENTT CONTROL (2 IN TABRLF, { SEPARATE) *
x CARD 3 NEUTRON TABLES *
* NILMAX NUMBER OF NEUTRON TABLES DESIRED, *
* NG MUMBER OF NEUTRON GROUPS *
* IPTQOTI, POSITION OF TOTAL CROSS SECTION *
* IPINGP POSITION OF INmGROUP SCATTERING CRUSS SECTION, *
* ITABL NEUTRON TABLE LENGTH DESIRED, *
* NED NUMBER OF ENTRIES IN EDIT TABLE BELOwW, w
x NTHERM NUMBFR OF THERMAL GROUPS *
x CARD 3A THERMAL INCOHERENT AND COHERENT MTS§ *
* MT1 MT FNR THERMAL INCOHERENT DATA *
% MTC MT FOR THERMAL COHERENT DATA *
% NLLC NO, COHERENT LEGENDRE ORDERS *
* CARD 4 FDIT NAMES (IF ANY) *
* SIX CHARACTER RULLERITH NAMES FOR EDITS FOR AS MANY *
* CARDS Ag NEEDED, THERE WILL BE IPTOTL=3 NAMES READ, *
* CARD § EDIT SPECIFICATIONS (IF ANY) *
* NED TRIpLETS OF NUMBERS ON AS MANY CARDS AS NEEDED, *
* POSITIONG CAN APPEAR MORE THAN ONCE, *
* REACTION TYRES CAN AppPpAR MORE THAN ONCE, *
A Jpos PNSITION OF ENIT QUANTITY, *
* MT ENDF/B REACTION NUMBER, *
* MULT MyLTIPLILITY 70 BE USED WHEN ADDING THIS MT, *
* CARD & nAMMA RAY TARLES *
* NPTABY, NUMBFR OF GAMMA TABLES DESIRED, *
* NGP NUMBER OF GaAMMA GROUPS, *
* CARD 7 MATERIAL DESCRIPTION *
* ONE CARp FOR EACH TABRLE SET DESIRED, *
* MAT=iYd TERMINATES EXECUTION OF DTFR, *
* HISNAM HOLLERITH IsOTDPE NAME *
* MAT MATERIAL NUMBER AS IN ENDF/B *
* JSI6Z INDEX MUMBER 0OF SIGMARZERD DESIRED, *
» DTEMP TEMPERATURE DESIRED, *
* *
LR E R R s I A 282223203 2033222323223 3232322

PROGRAM CCCCR

LR R R e e R L 2 i A i R s s s s IIITIIIIT
*

CCCC POST PROCESSOR PROGRAM
PRODUCE CCCC-T1! FILES FROM NJOY
INTERMEDTATE CROSS=SECTION LIBRARY,

WORKING FROMA A GROYUPR nUTPUT TAPE, THIS MODULE PRODUCES
THE FOLLOWING THREE STANDARD INTERFACE FILES,

1S0Txs BRKOXS DLAYXS,
AS SPECIFIED BY THE COMMITTEE FOR CUMPUTER CODE COORDINATION

(CCCC), TO FACILITATE THE EXCHANGE OF NUCLEAR DATA FOR REACTOR
CALCULATIONS (REFERENCE 1),

X W X W % ¥ % ¥ N N N W
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W BN N N W N R NN W NN KX W W XK N NN NN N N NN RN N N RN NN X NN RN RN R

IN A GIVEN RUN, ALL THREE FILES CAN BE PRODUCED UBING THE
SAME JSER=SPECIFTED L1IST nF ISOTOPES, THE CODE wILL IGNORE
ISOTOPES wHIpH ARE HUT pRESENT ON THE GROUPR TAPE (ANP IN THE
CASE OF pLAYYxs, IB0TUPLS WwITHOUT DELAYED NEUTRUN DATA),

THE 150Txs CODING ALLOWS FOR NSBLK EQUAL TO ONE OR NGROUP,
IN ADDITION, FILES WITH HIGHER ORDER MATRICES CAN BE PRODUCED
WITH A SEPARATE RLOCK FOR FACH L=DRDER (IFORT=Z2) OR WITH alf
ORDERS IN ONp ALOCK (1FOPT=z1), THIS FLEXIBILITY ACCUMMODATES
LARGE GROUP &TRUCTURES, THE ONLY CPTIDON AVAILABLE FOR CHI 1S
THE FISSTION MATRIX USING THE MODEL FLUX,

IN BRKOXg, THE POTENTIAL SCATTERING CROSS SECTION FOR ALL
ENERGY GROUPG 18 ERQUAL YO THE USER=INPUT VALUE (XSPD),

* O* % % N N N % % F H X W

1, B ¥ CARMICHAEL, STANDARD INTERFACE FILES AND PROCEDURES FOR«
REACTOR pMYSICS COpES, LASL REPORT LA=S486eME (FEB 1974) =

*
*
meas THPUT DATA CAR[}S.nnw.w,u.g..pnm-n--l-u-n-q-w.nnll-------nouuuvnwu-*
*
*(LCCRm
CARD { UNITS
NIN INPUT UNIT FOR DATA FRDM GROUPR
NISOT OuTPUT UNIT FOR ISOTXS (2 IF 1SOTXS NOT WANTED)
NBRKS DUTPUT UNIT FOR RRKOXS (i IF BRKOXS NOT WANTED)
NOLAY QuUTPUT UNIT FOR DLAYXS (@ IF DLAYXS NOT WANTED)
CARD 2 IDENTIFICATION
I.LPRINT PRINT FLAG (1// MEANS OUTPUT PRINTED/NOT PRINTED)
IVERS F1l.E VERSION NUMBER
HUSE USER TOENTIFICATION (12 CHARACTERS)
CARD 3
HSETID HOLLERITH InENTIFICATION OF SET (12 CHARACTERS)
CARD 4 FILE CONTROL
NGROUP NUMBER OF NgUTRON ENERGY GROURS
NGGRUP NUMBER OF GaMMA ENERGY GROUPS
NI§OD NUMBER OF IgOTOPES DESIRE
MAXQRD MAXIMUM LEGENDRE ORDER
IFOPT MATRIX BLOCKING OPTION (1/72sBLOCKING BY

REACTION/LEGENDRE OQRDER)
CARD & ISNTOPF PARAMETERS (CONE CARD PER ISQTVQPRE)
HISNM HOLLERITH IsQTOPE LABEL
HABSID HOLLERITH ARSoLUTE ISOTOPE L ABEL

HIDENT IDENTIFIER 0OF DATA SOURCE LIBRARY (ENDF/8)

HMAT [SOTOPE IDENTIFICATION
IMAT NUMERICAL IsOropE IDENTIFIER (ENDF/B MAT NUMBER)
X$PO AVERAGE POTENTIAL SCATTERING CROSS SECT, (BRKOXS)

»CISTXS§w» (ONLY IF NISOT,G7,2)
CARD 1 (416) FILE CONTROY
NSB| 0K SUBBLOCKING OPTION FOR BSCATTERING MATRIX
MAXUP MAXIMUM NyUMBER OF UPSCATTER GROUPS (ALWAYS ZERO)
MAXDN MAXIMUM NUMBER OF DOWNSCATTER GROUPS
ICHIST SET FISSION SPECTRUM FLAG
CARD 2 ISOTOPE CONTROL (ONE CARD PER ISOTOPE)

I R R R EEEERNRIENE 2 2 B B B B B B N S S D

w
-y



x 1CH] 1SOTOPE F ISSION SPECTRUM FLAG *
* KaR 150TNPE LLASSIFICATION *
* AMASS GRAM ATOMIC WFIGHT *
* EFISS TOTAL THERMAL EMERGY/FISSION *
* ECAPT TOTAL THERMAL ENERGY/CAPTURE *
* TEMP ISNTOPE TEMPERATURE *
* S1GPT AVERAGE EFFFCTIVE POTENTIAL SCATTERING *
* ADENS NENSITY UOF ISOTOPE IN MIXTURE *
* *
*@CHRKXSe (ONLY JF NBRKS GT,0) *
* CARD { (2!s) FILE DATA *
* NTT NUMBFR GF TeMPFRATURES DESIRED *
# (=N MEANS ACCEPT FIRST N TEMPERATURES) *
x NZT MUMBER OF B16p0 VALUES DESIRE *
* (=N HMEANS ACCEPT FIRST N DILUTION FACTORS) *
* CARD 2 (NOT MEEDED IF NTI,.LT,R) *
X ATEM(NTI) vALUES DOF DFESIRED TEMPERATURES *
* CARD 3 (NQOT WEEDED 1F NZT,LT,2) *
% ASIGINZI) yalLUES CGF DESIRED SIGPD *
* *
xoCDLAYXew NO INPUT REQUIRED X
3 *
tl*tt**tk*************k**A*********:\****k****ﬁ*tt**t***ﬁ****k*ﬁ*t*

PROGRAM MATYXSR
KAk kAR gkl kg kAR ARE AN Ry A A A AR KRR ANT AR ARR AN RAANRAT RN ARN A AR A RA N A AR
¥

POST PROCESSNAR PROGRAM

PRODUCES MATygs INTERFACE FI(E FROM NJOY
INTERMEDTATE (cRDSS SECTION LIBRARY

THE MATXxg FILE IS A GENERALIZED, FLEXIBLE FURMAT SIMILAR
TO THE CCCCa1s0TXS FURMAT, WORKING FROM A GROUPR AND/OR
GAMINR QUTPLY TAPE, TrIS MOPULE CAN PROCESS NEUTRON CROSS
SECTIONS, GAMMA PRODUCTION DATA AND GAMMA INTERACTION CROSS
SECTIONS ONTO A SINGLE oUTPUT FILE. IN ITS PRESENT FQRM THIS «
MODULE WILL ACCEPT abL RELEVANT REACTIONS PRESENT ON THE INPUT#

*
*
*
*
*
x
x
*
*

} b S N B B AP IR . AR 2 N 2 B I B R B I N I I R D 4

TAPE(5) AND prODUCE AN ARCHIVAL QUTPUT FILE wWHICH CAN BE *
MANIPULATED my A SEPARATE CODE CALLED *»TRANSXx, %
A MATXS p1LLE SPECIFICATION MAY BE FOUND FOLLOWING THE *
INPUT INSTRUPLTIONS, *
x

*

NDQINPUT DATA CARDS-.-Q-..-..-n--u--.--n---—'---m'nn-wn-w---n-'ﬂ.*
*

CARD t UNITS *
NGEN| INPUT UNIT FOR DATA FROM GROUPR *
NGEN2 INPUT UNIT FQR DATA FROM GAMINR *
NMATX QI TPUT UNIT FOR MATXS *
CARD 2 UBER IRENTIFICATIQON *
LPRINT @71 MEANS NO PRINT/PRINT *
IVERS FILFE VERSION NyMBER *

w
[\



HUSE USER TID (12 CHARACTERS)
CARD 3 FILE -CnNTROL

NPART NUMBER DF PAQTICLES FOR WHICH GROUP
STRULTURES ARE GIVEN

NTYPE NiMBER DF DATA TYPES IN BET

NHOL L NUMBER OF CApDSs TO BE READ FOR HOLLERITH

INENTIFICATION RECORD, TERMINATE CARDS WITH /,

CARD 4 SET MOLLFRITH IDENTIFICATION

HSETID HOLLERITH 1DENTIFICATION OF SET (A6)

(TO BE EDITED QUT 72 CHARACTERS PER L INE)

CARD 5 PARTICLE IDENTIFIFRS

HPART HNLLERITH IDENTIFIERS FOR RPARTICLES
CARD & ENERGY GROUPS

NGRF NUMRER OF GROUPS FOR FACH PARTICLE
CARD 7 DATA Typtk IDENTIFIERS

MTYRE HOLLERITH IDENTIFIERS FOR DATA TYPES

THE FOLLOWING SEQUENCE OF CARDS 15 REPEATED FOR EACH DATA TYPE

CARD 11 DATA TYPE CONTROL

IFOPY BLOCKING URPTION FOR MATRICES (1/2 MEANS
MATRICES NOT RLOCKED/BLOCKED RY LwORDER)
NSRLK SUHeBLOGCKING PARAMETER (1/NING MEANS THAT A RECORD
CONTAINS ALL INPUT GROUPS/ONE INPUT GROUP)
MAXDRD MAXTHMUM LEGENDRE ORDER
NMATN NUMBER (F MAT NAMES TD BE READ
CARD 12 INPUT PARTICLES
IINP PARTICLE NUMBERS OF ALL INCIDENT PARTICLES )
CARD 13 OUTPUT PARTICLES
[IouTP PARTICLE NUMBERS OF AL| UUTGOING PARTICLES
CARD 14 MATERTAL DATA (UNE CARD PER MATERIAL)
HMAT HOLLERTTH MATERTIAL IDENTIFIER
NTEMP MAX NUMBER OF TEMPERATURES
NSIGZ Max NUMBER OfF sIGMA ZERO VALUES
IMATY INTEGER MATERIAL TDENTIFIER

* *
* *
* *
* *
* *
* *
* *
L] *
® *
* *
* *
* "
& *
* %
X *
X *
* *
* *
* *
* *
L] *
& *
* *
* *
* *
L] *
* *
* *x
* x
* *
* &
* *
* *
* *
* *
* *
x *

R R T Il I T I I I I T T Imr
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16

17

18

19

20

21

22

23

24

25

26

34

APPENDIX B

DEFINITION OF ENDF/B REACTION NUMBERS
USED BY NJOY

Description

Total cross section (redundant, equal to the sum of all partial
cross sections)

Elastic scattering cross section

Nonelastic cross section (redundant, equal to the sum of all
partial cross sections except elastic scattering)

Total inelastic cross section (redundant, equal to the sum of
MT = 51, 52, 53, ..., 90, 91)

(n,2n) cross section for first excited state (describes first
neutron)

(n,2n) cross section for second excited state (describes first
neutron)

(n,2n) cross section for third excited state (describes first
neutron)

(n,2n) cross section for fourth excited state (describes first
neutron)

direct (n,2n) cross section [total (n,2n) cross section is sum
of MT = 6, 7, 8, 9 and 16]

(n,3n) cross section

Total fission cross section (sum of MT = 19, 20, 21, 38)
(n,f) cross section (first chance fission)

(n,n'f) cross section (second chance fission)

(n,2nf) cross section (third chance fission)

(n,n"0) cross section

(n,n"30) cross section

(n,2n0) cross section

(n,3n0) cross section

(n,2n) isomeric state cross section



28

29

30

32

33

34

35

36

37

38

46

47

48

49

50
51

52

91

102

103

104

(n,n"p) cross section

(n,n"20) cross section

(n,2n20) cross section

(n,n"d) cross section

(n,n"t) cross section

(n,n”%He)

(n,n"d20) cross section

(n,n"t20) cross section

(n,4n) cross section

(n,3nf) cross section (fourth chance fission)

cross section for describing the second neutron from (n,2n)
reaction for first excited state

cross section for describing the second neutron from (n,2n)
reaction for second excited state

cross section for describing the second neutron from (n,2n)
reaction for third excilted state

cross section for describing the second neutron from (n,2n)
reaction for fourth excited state
(Note: MT = 46, 47, 48 and 49 should not be included in the
sum for the total (n,2n) cross section)
(to be assigned)

(n,n') to the first excited state

(n,n') to the second excited state

(n,n') to the 40th excited state
(n,n”) to the continuum

(n,Y) radiative capture cross section
{n,p) cross section

(n,d) cross section

35



105

106

107

108

109

110

111

112

113

114

203

204

205

206

207

251

252

253

301-450

451

452

455

456

36

(n,t) cross section
(n,3He) cross section
(n,a) cross section
(n,20) cross section
(n,30) cross section

(to be assigned)

(n,2p) cross section
(n,pa) cross section
(n,t20) cross section
(n,d20) cross section
Total hydrogen production
Total deuterium production
Total tritium production
Total 3He production
Total 4He production

ﬁ , the average cosine of the scattering angle (laboratory system)
for elastic scattering

£, the average logarithmic energy decrement for elastic scattering

Y, the average of the square of the logarithmic energy decrement
for elastic scattering, divided by twice the average logarith-
mic decrement for elastic scattering

Energy release rate parameters, E*0, for total and partial cross
sections. Subtract 300 from this number to obtain the specific
reaction type identification. For example, MT = 302 = (300 + 2)
denotes elastic scattering

Heading or title information (given only in File 1)

V, average total (prompt plus delayed) number of neutrons re-
leased per fission event

Delayed neutrons from fission

Prompt neutrons from fission



501 Total photon interaction cross section

502 Photon coherent scattering

503 (to be assigned)

504 Photon incoherent scattering

516 Pair production, nuclear and electron field (i.e., pair plus

triple production)
602 Photoelectric

700 (n,po) cross section (cross section for leaving the residual
nucleus in the ground state)

701 (n,pl) cross section for lst excited state

702 (n,pz) cross section for 2nd excited state

703 (n,p3) cross section for 3rd excited state

704 (n,p4) cross section for 4th excited state

718 (n,p,) cross section for continuum excited state

719 (n,pc') cross section for continuum specifically not included in

0 total (redundant, used for describing outgoing proton)

720 (n,do) cross section for ground state

721 (n,dl) cross section for lst excited state

722 (n,dz) cross section for 2nd excited state

738 (n,dc) cross section for continuum excited state

739 (n,dc') cross section for continuum specifically not included

in 0 total (redundant, used for describing outgoing deuteron)

740 (n,to) cross section for ground state
741 (n,tl) cross section for lst excited state
742 (n,tz) cross section for 2nd excited state

37




750

759

760

761

778

779

780

781

798

799

(n,tc) cross section for continuum excited state

(n,t.') cross section for continuum specifically not included in
0 total (redundant, used for describing outgoing triton)

(n,3He ) cross section for ground state
0

(n,3Hel) cross section for lst excited state

3

(n, Hec) cross section for continuum

(n,3Hec) cross section for continuum specifically not included in
0 total (redundant, used for describing outgoing 3He)

(n,05) cross section for ground state

(n,0q) cross section for 1lst excited state

(n,ac) cross section for continuum

(n,a.') cross section for continuum specifically not included
in Op (redundant, used to describe outgoing o)

The above MT numbers can also be used as "LR flags'" to indicate the mode of decay
of the residual nucleus. For instance, MT68/LR22 denotes a discrete (n,n') scat-
tering event which leaves the residual nucleus in the 18th excited level; the
residual nucleus then decays by o emission. The following MT numbers are used
only as LR flags:

LR

31

39

40

38

Description

Indicates that Y-emission is the mode of decay of the residual
nucleus formed in the primary reaction.

Indicates that internal conversion is the mode of decay of the
residual nucleus formed in the primary reaction.

Indicates that electron~-positron pair formation is the mode of
decay of the residual nucleus formed in the primary reaction.



APPENDIX C

NJOY SAMPLE PROBLEMS

EXAMPLE 1, POINTWISE PROCESSING

MOJNT ENDF/Belv TAPF 4238 ON UNIT 243,
MOJNT ENDF/BellY THERMAL TAPE 322 ON UNIT 26,

@

4

*MODER®

23 =21

*JECONRYS

21 e22

*PENDF TAPE FOR Cet2 FROM ENDF/B TAPE 428w/
1274 3 @

,325 @,

xpelwi2 FROM TAPE anp8wx/
*>ROCESSED BY YHE NJOY NUCLEAR DATA PROCESSING SYSTEMw/
*SEE ORIGINAL ENOF/B8elv TAPE FOR DETAILS OF EVALUATION®/
3/

*BROADR*

=22 =23

1274t B

B, .,008%

300,

2/

*HEATR®

w21 =23 =22

127¢ 3 o2 2

322 3%1 432

*THERMR »

26 *22 =23}

1265 12%¢ 1 1 4 1 1 201
3139,

25 1.3

#GROUPR»

w2l wdd} @ 24

127¢ 3 3 % 3 ¢ ¢ O
*CARBONe12 IN GRAPHITEw/

3290

1E19

3 1 kTOTALA/

3 2 wELASTICx/

3 4 wINELASTICw/

3 51 +DISCREYE INELASTICwy

3 91 «CONT, INELASYICH/

3 {742 wCAPTUREwW/

3 1”7 .(N’A)t/

3 201  *THERMAL INCOHERENT&/
I 232 *PP THERMA] COHERENTH)
3 283 #Pt THFRMAI COHERENTH,
3 32y ATOTAL HEAY PRODUCTIONW,
6 2 wELASTICw/

6 81 ADISCREYE INELASTIC*/

6 91 #CONT, INELASTICH/

6 201 wTHERMAL INCOHERENT«/

39



7 51 «INELASYIC raMMA PRODUCTION®/
16 122 #CAPTURE RpAMMA PRODUCTIONN/
2/

as

*MODER®

«23 25

*$TQP«

AR R R A R AR R AN AR AR R AR R AR RN AR RN KRR R AR AN AT R AR AN AN RN RN AR R Rk A A NN R

* " * *
* $S X3 $s $5858% %3 $s * w *
* $5s $§ $¢ $5358%s [ 3 ] * NUCLEAR * VERS,1=9/77 «
» £55% S8 s¢  §% $s (T3 3] * CROSS SECTION w RAN AT LAsSL «»
¥ $% $585 S$s  s¢ $$ 8¢ '] * PROCESSING « ON 09/21/77 «
*# $3 5585 Sss5s5k  $E5SsSS $S N SYSTEM w AT 00,08,53 «
* $s 31 $55%S $358% (1] " * *
*® L] ] w
AR RN AR R AR R RN RN R AN R AN ok RN R RARRA RN R TR AR TR R AR WA NNRARARRA R kR

MODER,,CHANGE THE MODE OF AN ENDF/B TAPE 68,9628

INPUT UNIT (+ FOR BeD, » FOR BB) .,.ee 20
QUTPUT UNTIT (+ FOR nCD, » FOR BB) ,.ee =21

TAPE LABEL
(A A LA AN E R L TR EEY L X P Y Y XLE A LY Y XX
ENDF/Belv TAPE 4ga (REV, 3) 1=SEPT=T76

19,5648
AR R kAN AR AR AR R R A Ak AN AR AR A R A AR AR AN AR R R AN R AN R KRR RN NN R RN RN AN RN ik

RECONR,, ,RECONSYRUCY POINTWIBE CROSS SECTIONS IN PENDF FORMATY 79,893%

UNIT FOR ENDF/B T‘PF steot et yneagety .21
UNIT FOR PENDF TAPE ,.ypeenst®etosaccses 922

LABEL FOR PENDF Tépg
LA XA L R L PN L EF Y DY YT L L oy Fy ey X Y )

PENDF TAPE FOR Ceid FROM ENDF/B TYAPE 4C8
TAPE LABEL

ENDF/Bely TAPE UQa (REV., 3) I1=SEPT=Tp

§TORAGE 18/25070
ID ENOD 1/ 10PQ
ID CARD 2/ @5}

MAIERIAL TO BE PROCF$SED s0%olaseangnes 1270
RECONSTRUCTION TOLERANCE teSetanpnsaten .805
RECONSTRJCTION YEMPFRATURE sevceenosas K

DESCRIPTIVE CARDS Fna PENDF TAPE

6eCe12 FROY TAPE yp8
PROCESSED BY YHE nJOY NUCLEAR pAYA PROCESSING SYSTEM
SEE ORIGINAL ENDF/BwIV TAPE FOR DETAILS OF EVALUATION

10 SCR 3/ 1407

40



PROCESSING MAT 1214

(AL AT AL A L YL LY L rpase Y EY L L LEY Y ey T2

b= C= 12 DRNL EVAL*DECY3I F.G.PEREY AND C.Y,.FU

10 DICT
xX DICY
ID MFS
ID MTS
1D NCS
10 RES

MAT HAS NO RESONANCF PARAMETERS
¥X RES
ID BUFQ
10 BUFN

CHANGED THRESHOLD FoOM 4,BR00PE+06 TO 4,80862E+B6 FOR MT S)

POINTS IN INITIAL UNTONTZED GRID = 389

POINTS ADDED BY LINPARIZATION z {3g
XX BUFO
XX ENOD
1D BUFD
ID RUFN
ID BUFG
ID0 BUFR
XX BUFQ
1D BUFQ
10 BUFN
XX ENOD
1D ENOD

47 158%

"
4r 1423
B/ 1439
6/ 1455

7/,24948

]
7/ 2455
8/ 3485
97 347%
197 3495

80,7278
-

{

T/ 1456
8/ 2456
97 3456
187 7456
-

77 14Se
8/ 245e¢
LB

1s 1200
81,0843

'tu*t#anrauaaw*gtt*,*gtaatt#at.tt*.tntn**ttt*ttt*ﬁkttt**nt**ﬁtt*ktt*tttﬁ*tttt

BROADR,, ,DOPPLER BRNADENING OF ENDF/B DATA

UNIT FOR INPJT PENDE TAPE ,eu0ceccnees w22

UNIT FOR OUTPUT PENAF TAPE eeeveaapane 23

MATERTAL TO 3E PROCFSSED sasesnonaponse 1274

STARTING MATERIAL TFMPEQATURE stasavns BK

THINNING TOLERANCE ...lll.'.u.-';'pl'. « 008

NUMBER OF FINAL TEMBERATURES 4.0vennne 1

RESTAQY (0 NO' ‘ YES) 008080 ada0pasprnn a

BOOTSTRA® (@ ND, 1@ YES) ...o.-.-.;.;oo i

FINAL TEMPERATURES ...o-.oo!-!.t...;oo

10

8TORAGE
ID RUFQ
ID BUFN
ID SCR
XX SCR
1D E
10 §
10 EB
10 S8
1D SCR

81,2888

10/300m0
17 1009
2/ 2009
3/ 2356

2
3/ 8417
4s21251
5/723817
6/28949
7729949
81,5195
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BROADENED MATI1274 FROM @
POINTS IN=m 519
MY 2 182 )

. T0 3,P000E+R2 K
POINTS OyTs 494

¥X SCR 3S6
10D B 8729661
XX SCR .l

82,2528

AR AN R AN AN RN AR N A a R RN AT AR RN e Rk a AR RN AR NN A AR R AN AN RN RN AR NN RNk Nhdw

HEATR,, PROMPT KERMj

ENDF/B UNIT R XA I X E R E PN N I I
INPUY PENDF yNIY Sosontsrteftotlaneannes
OUTPUT PENDF UNI7 SonotsabePelaspsarne
MAT DESIQED o0 oot toanstantoleglavangnesn
PARTIAL KERMA MTeS MESIRED sieasacacse

PROCESSING AT TEMPERATURES 3 ,0p0pFE402

NEUYRON HEATING FOR MY 2 8B = g,

E EBAR XSEC
1,0220E=95 8_5696E=R6 7.8778E+01
1,2936E234 9.371{9E=05 2.4182E+01
1,1923E=23% 1,p220E=03 B.4593c4p0

PHOTON ENERGY (FROM XSECS) MF13, M7 S

€ EBAR XSEC
! 4,4332E406 Fv GAMMA
5.1820E4+26 4,4330E+06 4.8P0NEmp2
8,4990E+26 4,4330FE+06 2.608%E=0n1
B41220E+26 4,a330E+06 4.7024Ewpt
140170€+27 4,4333E¢06 3.5609E=31
142930E+27 4,4330E+06 2.8107E«21
147530E+27 4.433PE+06 1.5800E=01
2.2030E+2Y 4.4330E+06 {.5800E=01

FINAL KERMA FACTORS
E a1 Ip2
MIN ], 2966E¢03 1.1269E«p4
1,0830E=25 2.1R93E+02 1.1269E=24
MAX 1.5914E+23 1.1270Ew Y

21
=23
w22
1274
3102
3514
una

HEATING
10‘2695'@“
3.7832E~04
1., UdQUE=DT

HEATING

»],994RE+US
»1,1565E+U06
“2,1023E4+08
~1.,57B6E+A6
=] ,2460E+06
«7.0041E+05

351

82,3798
STORAGE 1%/12000
10 BUFO 1/ 10090

ID RUFN 2/ 2000
1D SCR 3/ 2356
xX SCR e
10 SCR 3/ 23%6

10 B 47 2712

I0 D 5/ 5212

10 A 6711948

XX 8 -1
4n2

w],2966E+D3
2.,1893E+@2
145914E+03



MIN =4 _U37AE+02 3,7832E=04 24 " 43T70E+Q2
100936E=24 T.4915E¢01 3,7832E=04 D Y. 49)15E+01
MAYX $.445RE+02 3.7832E=04 D, S, 4U58E+0p
MIN i 3BUBE+D2 1.4403Ewp3 @ =i, ,384UB8E+D?
§101983Fe23 2.3382E+41¢ 1,U040UEwd3 2, 2e3381E+D]
MAX 1.6996E+02 1.4400Een3 B 1.6996E+32
MIN 1_8b31E+0b 9.814PE+DS 2.,8585E+05% B
1.7523E427  4.5899E+06  9.p141E+BS  2,8592E405 o,
MAX 4.$5930E+06 5.8142E435 2.,8599E+0% D
MIN 2.1288E+06 1.1216E406 3.3298E+0S 2,
2e003NE+ AT S, TR2UECDRS 1.1216E+06 3,3305E+08% 2,
MAYX 5.7025E+86 1.1216E+06 3,3312E+05 O
N 8 4/ 27112
¥X SCR L
83,9418
AR AR AR RN kAR Rk R g AR R R R A ek e N AR R AR AR AR AR AR NN RN A RN AR RRN RN RN RN AR KR
THERMR ,, ,COMPUTE THERMAL SCATTERING CROSS SECTIONS AND MATRICES B4, 1428
UNIT FOR ENDF/B TAPF s8e8 80 a0 ,00a0000 2b
JNIT FOR INPUT PENDF TAPE Leusvenaances w22
UNIT FOR DUTPUT PENNF TAPE 4. u.svecnes =23
MATERTAL TO BE PRNCFSSEN (ENDFY L. nee 1065
MATERIAL TQ BE PROCFSSED (PENDF) .,,es 1274
MAXTMUM LEGENDRE ORNER ,engtetascannvas 1
NUMBER OF TEMPERATURES veasvaveosannse 1
INCOHE;\’EVT O’TION tgpgactens®atyadyongeannun a
COMERENT OPTION L4r.vnseetatotoncnnsos !
NUMBER OF PRINCIPAL ATOMS eV s onanaghss i
REFERENCE MY P 0 et 0a,antnotetotonangtne 201
DRZNT OPYION S et Pte.uctosntplytoanaungnon 0
TEM?ERAT-JRES (KELVIN) Tealglatonanantne BOGGE*WE
TOLERANCE APt esns.nnaottglatancaghen 5.00Ewn?2
4060008060t tn.nstaelololocongina 1430E+0P
STOPAGE 10/27070
IN SCR 17 2050
ID BUFQ 2/ 3059
10 BUFN 37 4de5e
1D STK 47 4110
1D FL 5719963
XX FL 4Pe
XX STK -]
IDE 4/ 495
ID XSEC Ss 4140
ID ALPH 6/ 4180
1D BETA 7/ 4260
ID SAB 87 Tubp
DIFFERENCE BETWEEN yEMPERATURES DESIRED AND FOUND IS “'%5’33 ALPH !
1D DICO 6/ 4224
1D DICN 77 4332
Xx DICO LY

43



WROTE THERMAL DATA FoR TEMP= 3 0pFe+02 11,7428
111,7458

'tttttiihtﬁ*iti*tta.gtttt****t.ttt****t*t*t****ﬁtit*t******'ﬁ*******t**tt**t**

GROUPR,, ,COMPUTE SELF-SHIELDED GROUP=AYERAGED CROSS*SECTIONS 111,919%

UNIT FOQ FNDF/B TAPF s a98 88t 08unasten .21

UNIT FOR pENJF TAPE artostglatdto0anger -23

UNIT FOR INPJT GOUY YAPF Se¥alogtgagune a

UNIT FOR OUT2UT GOUT TAPE seue,euapens =24
MAT TO BE pQDCESSED 'Y EEEEEANE NS NY W N N] ‘27“
NEJTRON GROUD STRUCTURE OPTION ., ...4. 3
GA%MA Ggoup OPTYON cnnoBeata® ol 0oagdon 3
NEIGHT FJNCTIDM OPTYON o'i.‘l.,!.n,.'l 3
LEGENDQE OQDER s 90 e, 000008000 00000 3
pRINT OPTION 08 000 .enCos0 sl ytanpens a
RUN TITLE

CE XA LY R PN ERIOT Y Fap L R LAY LS Y Y A2

CARBON®12 IN GRAPHITE

TEMPERATIRES (XKELVIN) eassevatcenaaces 3,0RE+N2
SIGMA ZEQOES 2000 s s000s00 30 el tanqter INFINITY

NEUTRON GROU® STRUCTURE..eeeobASL 38 GROUP

1 1,1902F24 o 1.520%F =24
2 1,5202E~21 w U,14p0Fwpt
3 4,14%3Fe?{ « 1.,13ePg¢an
4 1,1303E+472 » 3,0622g+27
K 3.76M2E+77 w B8.,320PE+an
6 6,3202E+4%0 = 2,262%¢ + 21
7 2.26%2E+7) o by 1UDREEN
8 6, 1430F+21 o 1,679%E+22
9 1,67TRE+022 = 4,54p0F+3?
12 4,54P02F+02 » 1,2350¢+2%
11 ‘.?55250@3 - 3.353“5*23
12 3.3572F+23 » 9.1207FE+2%
13 9,1202F+03 2.,48a%E+ 04
14 2,U873E+04 » 6,1600F ¢4
1% 6,7600E+N§ = 1,84pP7F +25%
16 1, 80NAF+7HS w 3.,030%E+25
17 3, A3B2E+05 o S.07Q@g+a5
18 S,2220E+¢P5 o B.2300g+05
19 8,230)F+085 o 1,3530e+06
22 1,3532E+06 » 1.,73682E+36
21 1,73R3F+Ps &  2,232VE+06
22 2.2322E+26 « 2.8650F+26
23 2,8650F+26 = 3.6800E+06
24 3,6800E¢P6 « 6.,270%E+B8
25 6,2102F+%56 7.7907E+26
26 7.7970E+0P6 » 1.,002Qg+27
27 1.730PE+P7 = 1.2000€+07
28 1,2272F+07 o 1.350PE+27
29 1,38R2E+07 » 1,500 +27
32 1,5220E+¢07 « 1,700 +07
GAMMA GROUP STRUCTURE.sesss-ASL 12 GROUP
1 1,02372F+P4 o 1,020Pg+05
2 1,7220E+25 » 5.,0%0R¢+05
3 S, A3¥RE+2S5 » 1,000%¢¢26
4 1,f2P3F+D6 = 2,020c + 36
S 2,4200F+06 3.0000F+0n6
6 3,A030E+06 o«  U4,0%2PE+Rsb
14 U,R2NE+06 = 5,020 +86
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8
9
13
11
1e

§,7300F + R
6,B2ANIE+R,
7, P20AE+Rg,
8,0270E+%6
9,AINBE+Ds

6+ 073N E+D06
7.000PE+ns
8,070 +n6
9,072a%F+ 06
2.,02p0E+nY

WEIGHT FUNCTION,,,...1/E FOR ALL L

STORAGE
10 SCR
RROCESSING MAY 1274
XA IS I Y R Y PP T YL Ad LYY T L LA
ole FROM TAP
6eCel2 FROM TAPE 4mB 1D UNR
XX UNR
1D BUF
1D SCRY
XX SCRY
10 816G
ID ANS
1D FF
GROUP CONSTANTS AT v=23,020E+@2 DEG K
FOR MF 3 AND MT 1 TOTAL
ENRGY GROUP CONSTANTS AT
GROUP INFINITE OILUYION
{ 8,R99E+2n
2 4,752E+02
z d,T3RE+2A
4 4,732E+00
5 4,730E+20Q
6 4,733E+00
GROUP CONSTANTS AT t1353%,70PE+R2 DEGC K
FOR MF 3 AND MT 51 pISCREYE INELASTIC
ENRGY GROUP CONSTANTS AT
GROUP INFINITE OILyTION
24 S.170E=22
25 2.“655~31
26 3,119E«01
27 3.,609E%21
28 2.899Em=21
9 24092E=0y
32 1.580E=031¢
xX SIG
1D 816
ID ANS
ID FF

GROUP CONSTANTS AT v23,020E+p2 DEG K
FOR MF 3 AND MT 91 poNT, INE_LASTIC
LR 23 pARTICLE EM1SSION

20s18p00
1/ 356

2717933

1

3/ 1357
47 1713
-1

47 1713
5/ 1715
6/ 1717

113,0628

113,4278

-1
47 1713
B/ 1713
6/ 1717

113,526%
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46

ENRGY GRIDUP CONSTANTS AT
GROUP INFINITE DILUTION

2b 1,11 2Ew02
27 8,096E=42
28 1,750E=31

GROUP CONSTANTS AT t=1,M20E+@2 DEG K
FOR MF 3 AND MYT221 tvHERMAL INCQHERENT

ENIGY GROUP CONSTANTS AT
GROUP INFINITE DILuTION

i 6,035E=21
2 2.521E+22
3 3,734Ev00

GROUP CONSTANTS AT vz3,020E+p2 DES K
FOR MF 3 AND MT222 pp THERMAL COHERENT

ENRGY GROYUP CONSTANTS AT
GROUR INFINITE DILuTION

l 2,703E+20
2 2,175E+20
3 9,168E=01

GROUP CONSTANTS AT v33,020E+402 DEG K
FOR MF 3 AND MT283 oy THERMAL COHERENT

ENRGY GROUP CONSTANTS AT
GROUP INFINITE DILyTION

1 S,65bE=22
2 T.137E=21Y
3l 5,920E=Q1

GROUP CONSTANTS AT 3%,720E+p2 DEG K
FOR MF 3 AND MT381 vOYAL HEAT pRODUCTION

XX
10
10
10

$16
$16
ANS
FF

$16
S$IG
ANS
FF

$16
$16
ANS
FF

115,7658

-}
47 1713
5/ 1718
b7 1717

113.9328

-}
47 1713
Ss 171%
6/ 1717

114,100§

"
47 1713
5/ 171%
6/ 1717

114,2638



ENRGY GROUP CONSTANTS AT
GROUP INFINITE OILuYION

1,892E+21
1.82%E+2n
1,47RE+2R
1,912E+2m
J.909E+2n

LAY AR = PERR AV R

GROUP CONSTANYS AT v33,030E4p2 DEG K 127,0058
FOR MF & AND MT221 yMERMAL INCOWERENT
INITL FINAL GROUP CONSTANTS y8 LEGENDRE ORDER
GROUP GROUP @ t
1 1 §,889re0] «9,150Fep)
{ ? 1.438FeP2 «3,130F=p3
1 3 9.057F«N7 w1, ,PhbEeps
R 1 4,244ren]l wi,183Fpent
2 2 2.042F+PB «3,572Fept
2 3 3,481 Fem2 «1,773Feny
3 1 1.228Fef2 =4,34TEw2Y
3 2 6,0508Faf] e1,552Fept
3 3 3.108F¢+0D w1,134F=pn1
3 4 1.006Fe@d2 5,310g=p3
XX SIG -1
1D 516 4/ 1713
10 YL 5/17933
XX YL t

1D GYL 67 17158
10 EYL 77 {116
ID FLG 8717933
XX FLG 2720
10 GFL 9/ 4429
ID ANS 18/ 4472
ID FF 117 4524
GROUP CONSTANTS AT tg3,000E+32 DEG K 135,9688
FOR MFIT7 AND MT S1 yNELASYIC GaMwua PRODUCTION

INITL FINAL GROUP CONSTANTS yS LEGENDRE ORDER
1 2

GROUR GAOyP 2 3

24 7 5.171Fem2 9@, 5.,8%2E«03 A,

25 7 2.4b5Fen) 0, 7.786E=03 @,

26 7 3.119F=01 0, 2.796E=02 0,

e7 ? 3.609Fenl @, 9,153E=02 0,

28 7 2.8%99rwl O, 7.997E«02 @,

29 7 2.092Fenl @, 4.611E=02 0,

30 7 1.580re01 8, 2.749Ewp2 B,

12 4 6,438Fen6 9, 6,432E=06 1,366E0S

11 4 3,483re06 @, 3.483EeDb 7,401E=DR6

12 4 1.146Fed7 O, 1,146Ew@7 2,436E=07
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XX $16G -
XX UNR .

137,7558§
ANRR A R RN R R AR R AR AR A AR R KRR R kg A AR AR AR RN R RN ANRAR AN AT AR R AR R AN ARRNAN AR N AN

MODER,, « CHANGE THE MODE DF AN ENDF/B TAPE 137,763%

INAUT UNIT ¢4 FOR BrD, » FOR BB) .,,,s «23
QUTPUT UNIT (+ FOR agch, = FOR BB) ,.es 28

TARE LABEL
PENDF TAPE FOR Ceia FROM ENDF/B TAPE 408

141,0938
ANRR RN R AR AR R AAR R R AN RN AR R N e xR AR NN RN AR AN AR AR RN R ARk kR Rk kW

{0APYSF 1 FILEq FROM
PENDF TASE FQR ce12 FROM ENDF/p TAPE 488 1 a @ a
6,31202+ 3 1,18969, | 8 o e 181274 1451 1
3,22900¢ 2 §,22200, % %] 4 3 a1e74 1454 2
beC=12 FIOM TARE 4y4n 1274 1454 3
PROCESSED BY THE NJay NUCLEAR pDATA PROCESSING SYSTEM 1274 1459 4
SEE ORIGINAL ENDF/BeIV YAPE FOR DETAILS OF EVALUATION 1274 1454 5
1 usy 17 n1274 1451 b
? 191 4 P1274 1451 7
3 { 168 1274 1451 8
3 2 168 01274 1451 9
3 u 88 81274 1451 19
3 5t LY. 21274 1451 i1
3 91 19 N1274 1451 12
3 12 168 P1274 1454 13
3 107 65 71274 1451 14
3 201 153 71274 1454 1S
3 202 153 21274 14514 16
3 ens 153 21274 1451 17
3 Iny 15 1274 1451 {8
3 lge 15 1274 1451 19
3 354 37 B1274 1451 20
3 402 15 n1274 145} P
6 201 1532 21274 1451 2e
13 81 89 @1274 1451 23
1274 1 @ 24
12142 @ 25
6,01202+ 3 1,18969, 1 2 A i 21274 215} 26
6,21202+ 3 23,200%04 @ 2 ] 1 21274 2151 e’
1,22200¢ 5 2,200024 7 ? /] P #1274 2151 28
2,08903¢ @ b6,1352¢a 2 8 2 81274 2154 29
1274 2 0 30
1274 0 B K}
6,21202+ 3 §,189609, 1 @ 99 21274 3 ) 32
3,22020¢ 2 2,200004 9 o | 4943274 3 | 33
49y 3 12rae v | 34
1,232 5 7,80241,4 { 1,17850. 5 7,28467+ | 1,36822e S 6,75147+ 11274 3 | 39

48
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115241+ 2 4,21683%.
$.15508+ 3 u,224Rbe
1,18487+ 9 4,1U570a
1,20488+ 2 33,9899
$2.24769¢ 9 3,9p291a
1.24988+ g 3,97742a
1,29999+ p 3,88607a
6,01202+ 3 1,189694
3,22292¢ 2 2.200004
49y
1.73201% 5 2,1R89264
1,58216~ § | ,BRB4G,
2035572' 5 10523986
3,73847« 8 1,2%6724
6,68119« § 9,48313,
1,09363e 4 7,49154.
1,67316% 4 b,117864
2,683725%9« 4 5,10324,
8,22582« 4 3,906213,
T.28138e 4 2,982264
6,81282¢ 3 1,189694
3.,22002% 2 2,200004
258
4,B25p2¢ £=3,98615%54
4,9230%¢ o 7,8%187,
4,93202%+ 6 1,155%31s
4,93672% 5 1,23100s
“-QUJGW* ) 1.265“26
4,95903¢+ 6 1,34%97,
6,3123%+ 3 1,18969,
3.23730+ 2 2,20006G4
4s
3,82808+ 2 {,27000a
@,2392%+ ) 2,000004
19
2,23230+ 3 2,2n0@8.
3,22080= 2 {,3606314
7025935' 2 4,19899,
B,87195« 2 2,279254
1,048yBe | 1,50598,
1,16%u5« § 9,41B%1e
1e3710be | §,20262e
1|53255' 1 2,417%9.
1,93558« | b,1R83pe
2,09687e | 1|,2R564.
2.25816% | 3,61977
2'55B7a' 1 8:396350
3.,871p6% | 3,41923e
3,02000¢ 2 32,2007,
32
3,02700¢ @ 2,32R800,
2,262« Im9,22805.
1,21067w 2e3,20509.
3,2268% 2wi,42526a.

[ N S O G O

a e s ra e a YYD S e

SRty R

—_—_ e, NN RONDE WU Ve e S VNI NALR~

1,15243,
1.15692,
1.18489,
1,245254
1,20771
1,279824
1,30%a1,

1,17482.
1,B1733.
2.,667%83.
4,591710a
7,9462ba
1,26782e
1,89988a
2. 73“89"
5,1067d
8.,56893a

4,8%0p0,
4,919u0,
4,93453,
4,93850,
4,94329,
4,9%5067,

1,00000a
6,45260a
Y,66227
9,27517-
1,78881
1.,20977.
1,41139
1.61309-
2.71622a
2,13719a
2.3388”-
2.93332-
5.16138e

1.@@“@@.
4,04225a
1.,61360.
4,03325.

Ge2347T 7~
doe2P20Uw
Ua.14568~
3,98902=
1.98285
3.,90455
PaRARADE

S TR

am

2.0U9Rs+
173385+
144091+
121265074
Ba.T1U22%
be9BIRYE
G, 74917+
GaB81914%
3,55151¢+
275174+

FIR AR B BV NV RV RV ]

Lo

P.79971 4+
1.0703%4+
1.20611¢
1,25103¢
1293184
{1 UnUy 74

Lo al« Sl e o ¢ g < Y of

o

3.7464B"
5. 75426+

427985+
12737634
{e522214+
8:13265.
3,42183w
1a51043=
4e22B93
7.21654m
243531 3w
232014~
P.00000%+

L 0t vt 0 bt b i s e e RGN O

Qe «0507 1=
3-1.5?92“-
2-3.“8596'
2ei .83066"

P P 20 -, e e e - 0N D29 R rm ea e e e

DWW

—- N EHWNN e QD TW 2D

.

1,15596¢+
1,15695+
1,24485+
1,24527¢
1,24985¢+
1,27965¢
2,00000+

t,3%6822»
P.A7490=
2.99‘2’-
85,5713
9,36174w
1,45976e
2,14975=
3,41766w
6,12990=
1,00000»

4,89990+
4,92700+
4,9355%+
4,931950¢
4,94810¢
4,95840¢

1.61360=
6,85582=

8,76550e
G,67840
1,1291 3~
1,29042e
1,45171»
1,77429=
2y M5655
2,17751~
2,41945-
3,22590.
1,03227+

1,01806w
8.@7&5@-
2,42035=
4,831970w

4,22492=
4,22214»
3990048
3,98895=
3,97750.
3,90448-
B.0NANY+

-0 ~Noeasse

1,9°343%
1.60833+
1.36735+
{1,0288%+
8,06517+
6,52614+
S. 41598+
4,32336+
3,2U0640%
2.54921¢

W E Do MIUII T

-

J.BULST+
1,00705+
1,21742¢
1,26274+
1,33119+
1,45240¢+

oo O

-

2,57839¢+
4,62433+

3,23880¢
{,608T4+
1.21134+
6. N9363"
2,96997=
1,39621~
2,323%5~
5,69094~
1,5%4%10~
8,22118"
9,00000+

PO Rl o TN TR Y IR AV RV

3.5.22825.
Jed,51247=
2=2,2168B1"

2»B,36527="

4qu1274

2551274

451274

391274

11274
11274
11274
11274
11274
11274
n1274
1274 3 2
01274

1274
21274
21274
21274
21274
11274
11274
11274
11274
11274
11274

21274 3351
1351
31354
3351
31351
1354
31351
3351
31351

1274
31274
41274
41274
41274
43274
41274

21274 6208
6201
6201
6291
6201
6201
6201
6201
6201
6201
6201
6201
6201
6221

1274
ayerd

1374
11274
p1274
f1274
PL274
@1270
11274
11274
11274
21274 6290}
31274 6204
31274 6204
51274 620}
#1274 6204

321274 204

1274 6201
21274 6291
11274 6204
11274 6291
21274 6201

1277
1278
1279
1280
1281
1282
128%
1284
1285
1286
1287
1288
1289
12902
1291
1292
17293
1294
1295
1266
1297

1623
1624
1625
1626
1627
1628
1629
1630
1631

1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1992
1903
{1984
1995
1926

49



5.24292-
6,U45267=
9.27517-
1,22977=
1.05171'
1.93558.
S,16138e
3,23200¢
Q,222p2¢
h
0,02220¢
3.22596'
Te26121w
B,87411e
1,00870e
1,16%97
1,37128e
1,53257.
‘nqssaa‘
2,09739%«
2,25838«
2.923%54.
Selblpde
B,2232+
3
P,02303
2.70772-
1-21283'
3,22B95e
55,2458«
6,45U476e
9.27733.
1.23999.
1.“51413-
1,93582=
5.161691
B,73220¢
B,22223+
3
2,22200+
3,23587e
7.26805e
8,88065e

1,00918.
1417935
1,371G06

II.

2’3.7?85‘8-
29U, U343t
2'1.3”“56-
1'S| 211072.
1=2,21418e
122,95172a
1 3.82()?04-
? 3,120,
d 2,272330,
8

(%] B.BN’!C‘B&
2 1,365764
2 4,19495,
2 2.076b61,
1 152404,
1 9,40627a
1 3.215%
1 2.4%22%.
‘ 6'17692-
1 1,2”487,
1 3,67935.
1 2031705-
{ 2,2PE@2,
D A.3728004
2

2 2.073R3.
3'1061“25-
2*5.,6947¢6w
2%2453022
21459092 e
2%7:87072e
2".7&359v
!.9. 3”“38-
1=3,93114.
1#5,2378%a
1 2.0P020,
2 2.90000,
8

2 2.000002,
2 1.36383,
2 4.17392,
2 2.96797+

1 1.,49768,
1 9.3669%2.
1 5,16409.

1,832274

3,16000a
b'usu7b-
Y,66403a
9,27733%a
1.78902w
1,2099%
1,“115?‘.
1,61322«
2.“16““-
2,137401e
2,419 7«
3,22612a
1,03229

3,1670704
4,26385
1.6166m
6,9\3501-
5,64831a
A,.2676ba
9,660564a
1,29%plm
1,53257w
2,258368a
1.03229*

1,00020a
6,U616%
T.,67127%.
9,28417
1,08971e
1,21%67
1,0122%

2=8,096A5
201 ,06698Yy~=
2%9,56U56"
{el,0RB2T~
11413074~
{=4,0P5589~
B.A2000+

IO

1.71036=
5, 74792+
4.19905+
1.73541¢
1.52¢022+
R.12229=
3.81766"
1572819
4,22248=
7.2080 2.
1454118=
R.20B21»
2. 00000+

o Rl e el o o R AV B VI VY|

5-[].9793“.
Tw2,72384=
2'6.191“0'
2w1.83661"
2»1.U436G7"
2%2,96478=
2=1.69814r"
1'7.258!1'
1v2,28337e
1=ba77412"
2.02009+

LS BESS B

7.79818=
§.72702+
4417334+
1,72823¢

1451371¢
g, dRBUYL~
3,40398=

e e - TN

EXAMPLE 2, CCCC CROSS-SECTION LIBRARY

MOJNT ENDF/BeIV TAPF 44 ON UNIT 29,

2

4/
aMODERW
23 =2y

P RECONR
w2] =22

DOV HWWNVY

-G ST NS s e e R DTN

VR UL N NI NG e s e 8

- QN

b, A4937 =
8,87195e
{,12913=
1.,37106=
1.,61320«
2,55%7&-

1.616”6'
6,8579Re
8,76766"
9,68756e
1,12935
1,29Mplm
1,45193=
1,77451.
?.V‘Sb?b'
2,1777%.
2,568096w
Y,87128e

1,03966
8,796 0w
2.,42251»
U,BU18ke
bQMSISS-
8,87d1te
t,12935.
1,37128e
1.6132?'
2.580G6=

1,62290
6,86482e
B,874S0e
9,68740w
1,13203%»
1,29132=
1,45261»

+PENDF TAPE FOR PUw238 FROM ENDF/B=IV TAPE 404w/

50

2%5,95902=
2=1,16180-
1=7,31369=
1=3,51600~
1=7,31317=
1=6,87675-

3
!

22,5854+
4,6190G9+
3,23165+
l.b6U6b44
1,20677+
b ABIC
2.96634=
1,39408
2,3198B2w
S,6853¢=
8,38553.
5.41016w

PO el e sV R YR VE ¥

)

Iw9,041947=
Iwl dbblile
2»3,934997~
2w 1, 48479
2»1,05761=
2=2,06276-
jw!, 20846
lebp,24219=
{»],29818»
1=1,22070w

!

—

2.58690+¢
4,60185+
2,21779+
1.63677+
120065+
2.95381=-

it R WV R P R AVRLY

21274
21274
31274
31274
41274
61274

1274
21274

3181274

1274
11274
f12vu
AaLevy
n1274
n1274
11274
11274
11274
21274
31274
41274
61274

1274

321274

1274
21274
11274
11274
11274
11274
21274
c1e4
31274
31274
51274

1274
n1274

381274

1274
11274
a1274
ny274
21274
n1274
11274
11274

6201
6201
6291
6201
6201
6291
6291
6201
6201
6201
6201
6291
6201
6201
5291
6201
6201
6201
6201
6201
5291
6201
6201
6201
6201
4201
6201
6201
6201
6201
6201
5271
6201

1987
1928
1929
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1928
1921
1922
192%
1924
1925%
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
194%
1946
1947
1948
1949
{9509
19514
1952



1250 3 2

2325 @,

*GUwPyw238 FROM TAPE 4BUR/

*PROCESSED BY YHE NJOY NUCLEAR DATA SYSTEMw/

«SEE ORIGINAL ENDF,gwIV TAPE FOR DETAILS OF THE EVALUATION/

2/

*BROADRA

22 *23

1252 3 g 1 2,0 4,022

322, 980, 2180,

@

*UNRESR A

w2l w23 @22

1258 3 7

332, 930, 2100,

é.EIU 1,68 1.E4 (,E3 109, o, 1,
/

*GROUPR

w2l »22 0 25

1252 5 @ 4 3 % 1 @

ﬁqu-Pu-gj,g*/

3ua, 928, 2103,

1,612 {,E5 1.E4 1,.E3 19, 10, 1,

@,1 2,225 0,8208rpd 1.4Epb

1 *TOTALw/
¢ *ELASTICw/
16  aNNx/

18 AFISSTON&/

192 *CAPTYURERY

251 #*MUBARw/

252 * X1 x7

259 wy/svVwy

2 *ELASTICe#/

16 wN, 2Ny

17 aN, IN#/

18 #FISSTIONW/

51 «DISCRETE INELASTICw/
«59 «CONTINUEDA/

91  «CONTINUUM TNELASTICa/

1 #TOTAL%/

2 WELASTIC#/
18 &FJISSTONR/
182 #CASTUREw/
2 MELASTICH/

1 *TOTAL#*/
2 *ELASTICw/

18, a3 0N,
6 2 WELASTICS/

VRt L D O RN NN S O O O P 0 O O W e

*25 21 22 @

1 1 #T2LASL NJOY, /

*CCCCR TESTS JULYwaAUS 1977%y

59 2 { 4 1

YPU238 & #PU2IB a «ENDFBUg « {58 w 1050
{1 8 S0 @ '

1 2 2,3821EQ2 3_3323E~1! 1.74plE~12 0,0
3 6

322, 920, 2ino,

1.E5 1.5“ 1.Es 1@0. le. l.

*STOP%

10,89
1.AE10 0,0

51



AR R AR AR R R R R ARk g AR AR R T AR R g N AR AR R R R R R AR RT R RN R AR ARk R AR ANk kR

w w | L]
» $s ts $s $553 8 $s $$ " " *
* $%8 %3 $¢ $¢555%3 L 3 S X * NUCLEAR * VERS,{eB8/78
¥ £55Y $§ $¢ 8§ $s 5588 x (CROSS SECTION a RAN AT LASL
* £ $5%s %% $ §% $s $$ * PROCESSING « ON §0/11/78 «
# %5 555 $38555e 555885 $$ % SYSTEM x AT 12,13,24 «
* ss $s $85%% $5558 % " " *
| L. { | 1 | ]
KRR AT N R AR R AN R AR Ry ek ARR AT AW kAR g AR AN A AR AR AR AR RN AR R RANRANRANNAN RN R R NN

MODER,,,CHANGE THE m0DE OF AN ENDF/B TAPE 46,7538

INPUT UNIT (+ FOR BrD, = FOR BB) ,,.,ee 20
OUTPUT UNIT (4 FOR RCD, = FOR BB) ,.oa w21

TARE LABEL
ENDF/Bely TAPE UG; (REV, 3) §1=SEPTe76

56,6758
AR AR AR R A AR R AR A AR N R G AN RN AR AN A AN AR AR AN AR R AR AR R R AR AR AR T AR AN RN AR AN KA NA N R

RECONR,, ,RECONSTRUCY POINTWISE CROsS SECTIONS IN PENDF FORMAY 57,3638

UNIT FOR ENDF/B TAPF .epasetestancenses =2}
UNIT FOR PENDF 'APE s 8o slalgngasgsen -23

LABEL FOR PENDF TApr

LA AL LE L ALY I LY Py T AL AL AL XL A2

PENDF TAPE FOR PUepss FROM ENDF/RelIV TAPE 424
TAPE LABEL

[ AL B A R R L T RN ) oy ¥ R LA A Y A Y X% L L)

ENDF/Bely TAPE 4Qg (REV, 3) {=SERT=T6

STORAGE 15/250@0
10 ENOD s 1000
10 CARD 2/ 105}

MATERIAL TO BE PROCFSSED eesasaseeones 1350
RECONSTYRUCTION TYOLEAANCE covetpscconne o305
RECONSTRJCTION YEMPFRATURE tuvuvencsns ax

DESCRIPTIVE CARDS Fna PENDF TApE
9U4wPy=238 FROM TA;E 4py
PROCESSED BY YHE NJOY NUCLEAR DATA SYSTEM
SEE QRIGINAL ENDF/BwlV TAPE FOR DETAILS OF YHE EVALUATION

1D SCR 3/ 1407
PROCESSING MaT 1850

9UsPUe238 Al EvALeMAY6? ALTER AND DUNFORD

10 DICT 47 1665
XX DICY ("]
10 MFS Gy 1434
ID MTS 5/ 1455
10 NCS 6/ 1479
10 RES 7724948
XX RES 223
1D BUFO 8/ 2702
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10

1D

10
CHANGED THRESHOLD FrnoM 7,.58P@0FE+ps T0 7,58197E+05 FOR MY 5§,
CHANGED THRESHOLD FaoM 9,89000c+p% 7D 9,89173E8+A5 FOR MT S7,
CHANGED THRESHOLD FROM 1,20900E+p6 TO 1,20006E+B6 FOR MY 91,

POINTS IN INITIAL UNTONTZED GRID = 110
POINTS ADDED BY LINFARIZATION = 337

POINTS ADDED BY RESnNANCE RECONSTRUCYION ® 2832
TOTAL NUMBER OF RESNNANCE POINTS = 2851
POINTS REJECTED BY SIGNIFICANT FIGURES CHECK = 50

BUFN
X
Y

BUFO
ENOD
BUFR
BUFG
X

Y
5168

SUFR
RES

RUFQ
BUFN
BUFG
BUFR
BUFO
BUFO
BUFN
ENOD
ENOD

97 3702
197 3752
117 3802

58,4035
-]

1
87 4723
9/ 5703
167 %5723
117 5743
12/ 5803

61,3208

wi
?
7/ 1482
8s 2480
9/ 3484
19/ 74809
2
7/ t48e
B/ 2480
vl
17 1090
68,7245

R AR AR AR ANk R RN R A AR R A R R AN A R G Ry A g R RN RRRRANAR AR AN KRN AN AN RN AN AR R RN AN R AR R A&

BROADR,,,POPPLER BRNADPENING OF ENDF/B DATA

UNLIT FQOR INPJY PENDF TAPE ,sup0nsnsnves w22

UNIT FOR QUTRUT PENPF TAPE geenncensne 23

MATEQIAL TO BE PQOCFSSED 298 o0 pnpgayntes 1556

STARTING MATERIAL TPMPERATURE ,....eve aK

THI“NING TOLEQANCE MY AR EE R RN Y NN IS RN ] 'ana

NUMBER OF FINAL TEMPERATURES ¢..0e.cve 3

QESTQRT (B NOO l YE!) Sanfn®oCapegpadtn a

BOOTSTR‘D (ﬂ NO' 1 VEs) [ ENE NN FYFYEENN ) ‘

FINAL TEHPEQATUQES aas el gloglanengtne

322 1] 2100

§TORAGE
1D BUFQ
1D BUFN
1D SCR
XX SCR
10 E

. 10§
In EB
10 §8
I1b SCR

65,9008

18/3200¢
1/ 1000
2/ 2000
37 235¢
e

3/ 6812
4sr21248
5/23172
6/28944
7/29944
68,5568

33



BROADENED MAT1Q82 FroM

M7

BROADENED MAT1PS2 FROM

POINTS INz 2342
2 18 {g2

MT

BROADENED MAT12%¢ FnroM

POINTS IN=

MY

2276
2 18 102

a.

3,0700E+p2 TO
POINYS OUTw

9.,0%00g+p2 TO
POINYS OuTs

T0
POINTS INz 3232 POINTS OuTs
2 18 4p2

2342

2076

1827

1,P000E+R22 K

9,0000E+02 K

2,10PRE+0A3 K

XX SCR
B

XX SCR
ID SCR

XX SCR
10 8

XX SCR
ID SCR

XX SCR
1D B
XX SCR

356
8729656
ot
7129944
94,6118

356
8/29656
A
7729944
194 ,4318

356
8729656
=1
112,7418

'.*..ﬁ.....*...‘*.*.'*Q*ﬁﬁ*tgi...*.titit*ﬁ***i***'*tﬂ*t*lﬁti**lﬁ*****ﬁ*ii****

UNRESR,,,CALCULATION OF UNRESO VED RESONANCE CROSS SECTIONS

UNIT FOR INPJT ENDF/B TAPE s,enaeasnns =2!
UNIT FOR INPJT PENDF TAPE (antesvansss %23
UNIT FOQ DuT2UYT PENMF TAPE Pas0aspngene -22

S0 00 08,0000 00000090

2,10E+n03

'Y A EEEERNE Y NY ¥

1,00E4+04

ace
1.00E+Q3

TEMPERAT JRES
3. 22E+02 9.,20E4p2

SIGMa ZERO VALUES
1,P0E+10 {1,00E+0%8

PRINT QOPTION

MAT = 1050 TENP o

ENERGY = 2,272pE¢0>
6,538E+Py  b,042E421
U u493E+ay  4,023%E491
3,582E4P0  3,837E,00
1,687E¢01 1,666E401
6,538E+21  6,349E421

ENERGY = 5§, 3P2pE+d»
4,541E+21 U,516E.01
3.445E¢01  3,825E401
3.114E+400  1,.P99E.90
T.852€E¢30 7,815%E+00
4,5G1E+@1 4,492E+01

54

3, 0PE¢Q2

5.788E+ﬂ1
3,946E4my
3,211E+00
1.513507’1
5.1855991

4.3155001
3.270E+0y
2.97SE+@5
7.587E4+79
4, 119E424

3, 715E+01
2,56RE+Q1
2,ABUE+DR
9,466E+00
2,683E+01

3.351E+081
2,5UuUE+D1
2.,285E+0R
5,789E¢008

2. T13E+01

1,20E+02

P, 018E+0}
1,578E+01
7.677E-ﬂ1
3,633E+00
1,520E+01

2.037E+0}
1.650E+018
1.088E+00
2.783E+00

1.562E+01

§TORAGE
ID SCR

1.,00E+01

ID EUNR
ID ARRY
XX ARRY
ID S8
ID B

1,492E+01
1,301E401
3,314E=01
1,570E+00
1,284E+01

1,506E+01
1,328E+01
4,903E=01
1,282E+00

{,284E+21

ip D
x%x D
xx C

113,6058

8/2002%00
{7 1200

1.@@5’@0

114,2028
2/ 1150
3719969

41
4y 1251
51199649

1,402E+P9
1.255E+2}
2.553E«01
1,211E+08
1,208E+Q}

1,409E+01
1,273E+0}
3.311E'91
9,880E-0}

{.243E+DY

77 2844
2
2



GENERATED CROSS SECTIONS AT

15 POINTS

XX B

XX EUNR

145,2865
.t
o

Rt At e e e ke ek g e B A A e g e e e e e e ol skt e o ok i o e o o i ok O o o e o e e ok R T ok gl ok e o e

GROUPR , , ,COMPUTE SELFeSHIELDED GROUP-AVERAGED CROSS=SECTIONS

UNIT FOR ENDF/B TApPf stevtpVetanasates
UNIt FOQ pENDF TAPE EEEEEEER LS YRR R X
UNIT FOR INPJT GOUT TAPE Setetenanenns
UNIT FOR OUYT»UT GDUT TAPE 00 a0p0ospany
MAT TO RE PQOCE%SFD sstanptalaglgagaganns
NEJTRON GROUP STRUCTYRE OPTIQN Sesnunns
GAHMA GQOUP OPTION enalrabeloRyargagnen
WEIGHT FUNCTION OPTYON Pavstetooangnus
LEGENDRE ORDER s9tle.pnstnstoelotopanasues
PRINT DPTION

80 08B e o 0Caledgnocnnese

RUN TITLE
(A4 AL AL AR AL LRI I Py PET DALY Y Y T 1}

S4ePUa238

TEMPERATJRES tKELvIN) I N EREANENFENNWENN]

SIGM‘ ZEROES 200680 nage0enloelglotsngern

w2l
22
%]
.25
{1050

Sw Eawm

3.00E¢m2
9.PDF+n2
2.10F+03
INFINITY
1,20E+05
1,08E+04
1.P0E+23
1.20E¢02
1.00E+0}
1,00E+02

NEUTRON GROUP STRUCYURE.,sev,RRD S@ GROUP

l 1.03“3E'n5 L]
4 6,8256E%0) w

6.8256F=71
1.1254F+p0
1.,85564E+30

48
49
52

3,6783E+%p »
6,0653E406 «
1,2202E4927 =

beWBRIE+DH
1.0020E+7
1,9971E+07

WEIGHT FUNCTION,,,,..THERMAL ¢ 1/
YHERMA| BREAKPOINT AND TEMPERATURE
FISSION BREAKPOINT aND TEMPERATURE

PROCESSING MaATY 190
A AL LI Y EA IR Y 2oy TR I A A A L Y 8 1 0 J

94%PUe23B FROM TAPF 424

¢ FISSION
1.3P20E=D1
8,2080BE+25

2,5PP0Ewp?2
1.4000E+026

STORAGE
10 SCR
10 NU
X NU

UNR
UNR
BUF
SCRY
SCR}

145,5558

20718000
17 356
3/17933

2717933
976
3/ 2332
47 2688
-y

55



56

1D 816 4/ 2688
1D ANS 5/ 2716
1D FF 6/ 2720
GROUP CONSTANTS AT 1z3,000E%402 DEG K 147,3078
FOR MF 3 AND MT 1 tOTAL
ENRGY LGEND GROUP CONSTANTS vS§ SIGMA ZERD
GROUP ORDER INFINTTY 1,@3@p+235 1.002E+¢P4 1,PBRE+R@3 {,@00E+02 1{,000E+01
Lo 0 3.6R6Fsn2  3,676p+p2 3,593E402 3,124E+02 2,1B4E+A2  {,663E¢02
FLux @ 5.023r+08 5,%24p+2n 4,BUGF+nd 3,B27E+uR 1,878F+0AD 2,850Ew0!
1 { 1,6B6FeM2 3,b66E+22 3,505E+02 2,685E+02 1,317E+P2 8,004E+01
FLUX 5,023F+0d U,986F+20 U4,684E+Nd 3,01TE+0P 5,8N8F=01 3,165E%02
2 2 2.457FeM1  2,450pent  2,452E+01  2,445E401 2,u06F+01  2,258E+0!
FLuX 1 5.001radt S,000Feat 4,99iEwdy 4,90SEeni 4,150Ew0)] {,279E=01
ID FF 77 4670
GROUP CONSTANTS AT v33,000E+02 DEG K 159,6308
FOR MF & AND MT 2 FLASTIC
INITL, FINAL LGEND GROUP CONSTANTS VS SIGMA ZERD
GROUP GROUP ORDER INFINITY 1.000E+0S 1,007E+04 1,000E403 1,0P00E+Q2

1 { e 1,922E+21  1.9°1E+01 1,918E+01 1,893F¢N) {,B17E¢0!

1 { 1 S,U25E"pe 5.423EeP? S, U403E*B2 5,266Ee@2 U,B889Fe02

t t 2 boRI2E=RS 5,.8BTE=RS 6,850E=05 6,597E«05 6,015E=0S

i 1 3 Ay Pe 7, 2, 2,

2 { 8 2.568E"P1  2,5b4EeP] 2,562FE*8) 2,5U2Fe2] 2,38UEp1

2 1 1 w8, U9UE"P2 #B, UVIEwD2 «8,UTE=DN2 =8,3U9Fel2 w?,329Eep2

2 i 2 w3, P6TE"QH =3, 0b5EwDd w3, AULE~QU =2,B6UEwDPU wl ,6U4TE«D4

2 | 3 w2,40TEwpb =2 4PPEeDs w2,333E=0b ®),720FmBb6 9,116Ewp?

2 2 @ 1,3036¢a1  {,.343E+My 1 343E+QY  §,3U2F+B1 t,334E+0t

2 2 1 1.236E%81 1,236E=Py 1,234E*01 1,221Eed] 1,113Eep!

2 2 2 3,558E*048 3,.556E«0y 3,53I6Ew0U  3,353Ee04 2,125EeQU
GROUP CONSTANTS AT 1=23,00BE+Q2 DEG K 167,0288
FOI MF & AND MY 17 N,3N
INITL FINAL I80TRnpIC MATRIX Vg FINAL GROUP
GROUP GROUP 0 +1 +2 +3

52 12 1.477Fen9 4,012Fe39 4,116Ew09 6,78%E=09 1,118Ewl8 1,8u2E=Q8
52 18 3.834ref8 4,996fepB8 8,226E«08 1, 3S54E=QT 2,227E=07 3,660EeRT
52 24 6,011Fe07 9,862ewd7 1.616EwB6 2,642E=06 4,311E«06 7,A12E=pR6
52 30 1.136r05 1,833cwg8 2,929Ewn5 U4, ,622E%05 7,289EA5 1,135Ew0U
59 36 1.740FePd 2,013Fw3d 3,826Ee04 S5,416E"04 7,359E-R4  9,49RE=Q4
52 up 1.145Fan3 1,271Ewn3 2,387E=03 1,329E=03 3,300E~04 3,122E-05
50 48 "1,328FwRb 6,269 =29

XX SI6 LB

1D S16 4s 2688

10 YLD 5717933



GROUP CONSTANTS AT v=z3,0Q00E+D2 DEG X

FOX MF & AND MT 1B pISSION

INITL
GROUP

!

7
13
19
2s
31
37
43
49

4

16
2e
28
34
4o
46

8
14
29
26
32
38
44

W A L W W G W TUTU U TV TN TN N T 0 0t 0t 500 ot bt bt bt o

FINAL
GROUP

19

IS$0TRAPIC
+0

9.531ren?
3.653FaR7
3.272F.g5
1.8%8rand
1.7}9&'-“3
1.629r-02
1,459Fa01
1.869F+00
7.275Fan}
1.144Fen9
1.027Frw?
1-7“3;‘.06
1.,651F«25
1.557F-0“
1.,037Frep3
1.207F=02
1.824F=01
2.040Fr w9
1.472F«08
7.081r-ﬁ7
6,693r=0a4
b.ZUér-WS
5.573Fen4
8,.577r-013%

MATRIX V§ FINAL GROUP

+1

9,%83ewn9
707185'37
2.521E-25
2-57“E'ﬁﬂ
2,52Bg=p3
2,359 w=p2
2,778Eepy
3.239c+pn
5.Pulpep
2,402 w39
2,132F>27
EQSSSE'ZB
2,421ge 28
2,260%E"04Y
2.”715'@!
1,679%=p2
1,658Fwpt
4,321g=39
1.”67E'ﬂ7
1,830F=28
9,726e~26
Q,BSBE'HS
7,793cen4
1,34%ep2

e

1.878E=28
1.632E«06
4,10uE=ns
SQEBQE'@“
3.673E-W3
3.“116'“2
2.943Een]
4,989E+R2

5.953E'ﬂ9
U.SlZE-W"
3-688F.ﬂ6
J.494E=AS
3.279E=04
2.97TUE=Q1]
2.807E=D2
818785'@2
9.142E=29
{.581E=Q7
1.498E=D6
{s413Eeas
1.3“46'““
1,095E«03
1.6555-02

+3

3,919E-08
3,452E06
5,971E%05
5,657E=04
5, 334E~D3
4,925E=02
4,135E=01
6,250E+00

1.%66E=08
9,549E=07
5.365E°06
S.A75E25
4,750E=04
4,25TE=@3
3. 119E=02
2.123E=32
1,934E=28
2,380E07
2.17BE=06
2,951E=35
1,879E=84
1,524E=23
1,497E=02

XX YLO
ID FLS
XX FLS
ID SED
1D §¢C

ID ANS
1D FF

8,2°3E=08
7.305E=06
8,086E=05
B3,226E=04
T 744EeR3
T.095E=02
5,754E=D1
5.,654F+00

2.252E«08
Be233Fw7
7.804F 6
T.,377E«08
6.B8UE=AY
6,065C«03
9,453E=02
1,U71E=Q3
4,894Fe08
3,346E=07
3,.168E=0p
2975805
2.69%Ewny
2,09UE=RY
8,855E=03

XX 816
XX UNR

8

6/ 3046
1

7/ 2747
8/17933
26

9/ 2824
10, 287%

167,8418

1.731E=07
1,546E=85
1eobdE=0d
1,196E=03
{,124E=p2
{219 wp!
7.906E°01
3.042E+00@

007635'06
1,19RE=06
1.13SE'QS
1.072E=04
9,956E=04
8,589E=23%
‘a“SSE'@l

B,bbUE=28
U,868E"07
U,605E=06
4,313E=08S
T,R63Ew00
2.83“&'@3
1,927E~0)

L3}
b
226,0538

AR AR RN AR AR RN R R R ARy AR NN AR AR R R g W Rk RARAR AR RN RN R RN E R KRR RN KRR ANARRRRR AN KRR

CCCCR,,,PRODJCE CCCp FORMAT QUTPYT FILES

GENDF yNIT
150TXS UNIT
BRKOXS UNIT

S0 0eBPsaants 08 0Pafapanente ‘25
(AR RN ENIWNEENENEER IR NN RN 21
eP 028t o,ap000800 008 na0aptr Za

DLAYXS UNIY"'...'....lll"'l.....‘.'.. e

axaFILE 1SO0TXS w=e VFRSION

s*USER IDENTIFICATInNNw®T2LAS)

1 wa UNIT 2%waw
NgOY

§TORAGE

15/25000
226,4468
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FILE CONTROL PARAMEYERS

NGROUP NJMBEFR OF ENERGY GRoQU»S IN SET 50
NISO NJMBER OfF 1SOTOPES IN ST |
MaX R MAXIMUM NUMBER OF UpSCcATTER GROUPS 2
MAXDN MAXIMUM NUMBER OF DQWNSCATTER GROURS sa
MAXORD MAXIMUM gCATTERING ORDER 4
ICHIST SET FISSYON SPECTRUM FLAG @
1CHISTet sEy VECTOR
«HGROUP, SET MATRIX 4
NSCMAY MAXIMUM NyMBER OF BLOCKS OF
SCATTERING DATA
NSB( Ok 8LOCKING CONTROL FOR SCATTERING DATA 1
CCCCR TESTS JULYeAynR 1977
15070PE NAME
1 PJ23R
NEJTRON VELOC‘ITY UPPER ENERGY
GROUP (rM/SEC) {EV)
1 4,67358%E+09 1,997188FE+07
2 3.71203RE+29 1,000220E+R7
3 2,947w49E+29 6,265387E+06
us 1,660799E+26 1.,855391E+P2
49 1.293510E+26 1,125352E+02
52 3.142m@3E+05 6,825683E«nt
1,000021EeD5
NUMBER OF RECORDS Tn BE SKIPPED
ISOTOPE NUMBER
{ 2
I1SOTOPE |
ISOTOPE CONTROL PARAMETERS
HABSID ABSOLUTE leOYOPE LAREL PU238
HIDENT LIBIARY IDENTIFIER ENDFBU
HMAT ISOTOPE IDENTIFICATION 1080
AMASS GRAM ATOMIpr WEIGHT 2¢3R210BE+0R2
EFISS THERMAL ENFRGY/FISSION (WaSEC/FISS) 3:30330Ew! ]
ECART THEIMAL ENFRGY/CAPTURE (WwSEC/CAPT) 1¢70610Ew12
TEMP ISOTOPE TEMPERATURE (DEG K) G
SIGPOT AVE, POTENTIAL SCATTERING (BARNS/ATOM) 1.0000QE+10
ADENS REFERENCE ATOM DENSITY (A/RaCM) [* 1Y
K3R ISOTOPE CLASSIFICATION 2
ICHI FISSION SPrpcTRUM FLAG (2/7{/N=sSET CHI/ZVECTOR/MATRIX)
IF1s {N,F) XeSEpr FLAG (P/12Np/YES) i
T1aLF (N,A) XeSEp FLAG (P/1zNp/YES) 2
INP {N:,P) ReSEr FLAG (@/1zNQ/VES) ?
IN2N (N, 2N) XeSprc FLAG (3/13NO/YES) i
IND (NsD) XeSEp FLAG (P/3gNp/YES) 2
INT (N,T) XeSEr FLAG (@/1zN0/YES) )]
LTor NUMBER OF tOTAL X«SEL MpMENTS !

58



LTRN NUMBER OF YRANSPORT XeSgf MOMENTS {
ISTRPD NUMBER OF YRANSPORT XaSEC DIRECTIONS ]
BLOCK TYPE INENT ORDERS
1 INELAS 202 4
2 ELASTC 1749 4
3 N2N 309 1
4 TOTAL "} 4
SCATTERING BANDWIDTW AND IN=GROUP SCATTERING POSITION
GROUP/BLOCK ] 2 3 4 i 2 3 4
H $ 1 1 1 1 1 1 !
2 2 ? 2 2 3 1 ! 1
47 ] 2 ] b4 1 1 1 1
48 ] 2 a 2 ! ! { {
49 é 2 "] 2 b i 1 i
52 2 2 e 2 § | | !
PRINCIPAL CROSS-SECTIONS
GROUP STR( sTOTPL SNGAM SFIS§ SNUTOT
1 3,5AT193E+20 5 880666E+RQ 5,582499Ew0Y 2 4e9372E+00d 4,103U%4E4+00
2 3,838440E¢00 4,592859€+7p 7,.338992E%03 2,605169E+00 3,6A04299E+00
3 4.202539E+00 9,%19474F+Pp | 290K BE=DR 2,61124TE+00 3,298535E+00
a Go27919SE+P® 2, 14uBRSIE«Pn |, B17AdAE=82 2,399612E+00 3,088907E+00
5 U 332728E+¢09 4,0uR723F¢0p 2,20907PE=R2 2,17P158E+08 2,95845R8E+00
6 WeT22927E4+00 7,22uR0UE40a 4, 06U 1E"N2 2,257278E4P0 2, 877RUGE+D]
47 8.293250E431 A,295935E401 7,109914E+01 2,346358E+00 2,749996E¢00
48 1,214921FE401 1,017623E40y 5, 871R15E=Q) 2,674259E=02 2,749996E+00
49 2.4U6293E+01 »,450158E¢0) 1,.pS1660E+Q1 2,94T7278Eedl 2,¥49996E+R0
52 3,685953E402 1,686496E402 3,393321E+402 {,709861E+21 2,749996E+00
BLOCK 1 INELAS SCATTERING» ORDER 4
GROUP i
POSN 0’RMER | ORDER 2 ORDER 3 DROER 4
{ S.1u4TU2Ee@) B, Babub6tedl 1,93117E=03 w1,23781E=03
GROUP
POSN ORARER 1 ORDFR 2 ORNER 3 ORDER 4
1 6,80172E=@1 1_12430E=02 B,15687F«05 «2,04943E~08
2 U, 981 UR2EwR2 w7 28921E=2Y «}1,92914E«03 1,23781E~03
axxFILE BRKOXS we VFRSION 1 wo yUNIV 2244%
s*JSER IDENTIFICATIONw®T2LASL NJOY
FILE CONTROL PARAMEYERS
NGROUP NJMBFR OF ENFRGY GRoUPS IN SET L1
NISOSH NJMBER Or YSOTOPES WITH SELF=

SHTIELDING FACTORS

59



NSIGPT TOTAL NUMBER OF VALYUES OF VARIABLE X

WHICH ARF GIVEN, NSIGPT 1S EQUAL TO

THE SUM FROM | TD N1SQSH OF NTABP(I) 6
TOYAL NywgeR OF VaLytes 0oF VARIABLE T8

WHICH ARE GIVEMN, NTEMPT IS EQUAL TO

THE SUM FROM § TO NISOSH OF NTABT(I) 3

NTEMPY

1s0709E NAME
i PLUI238

LN(SIGPB)/LN(12) VALUES FOR ALL ISDTOPES

1S070PE 18y VALUE 2ND VALUE . v
1 5,03MQpFE+00 4.0%pPQE+20 3,00000€+00 2.00000E+0Q0
TEMPERATURES (DEG Cy FOR ALL 1sOTOPES
I1SOTC0PE 1ST VALUE 2Np vaLUE ]
{ 2,6842nE+01 be2bBURESD §1.,8268UE+D3
MAXIMUM ENERGY ROUNN
GROUP J
1 1.99%11E+27
2 1,82730E407
3 6,M6531E+06
48 1 ,B85%559E.00
49 1,12535E+99
53 6,82%56PE.D1
MINTMUM ENERGY BOUNp OF SEY
1,00002E=05
FeFACTOR START AND gt10OP GROUPS
AND NUMBER OF S1G@ AND TEMPERATURE VALUES
ISOTOPE JRFH JBFL NTABF NTABT
i | 50 [ 3
TOTAL SELFeSHIELDINR FACTORS 1S0TOPE
GROUP 1
sIG0 TEMp 1 TeMp 2 TEMP 3
1 1. OmQPOE+PR  1,.9202PE+Rp?  1,00000E+00
2 1,000P3E+P0 1 _020p00L+00 {,20000E+0P0
3 9.90999F =01 9,99969E~=81 9,99999E=01
4 9.99993F=21 9,99993Eepl 9,99993Ee0}
5 9,999%54E=81 9,99956E=31 9,99956E~0}
GROUP 23
§IGO TEMpP 1 TgMo ? TEMP 3
| 9.99921F=N1 9_99051E=R1 9,99993E=0}
2 9.9R931E=21 9,99345E-1 9,99671Een}
3 9.97231E=R1 9,939p6E=01 9,96219Ew0}
1 9,907R2F«B1 1 _0n271E+P7  §,00850E+00
2 9.929215-“1 1,292071E+30  1,00621E+00
3 9,84B808E=A1 9 B599PEepl 9,91255E=01
4 9,456 T3F=01 9 U4p943Eed1 9,494TuE=04
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GRQU?

Art 14 o

4t
47
48
49
52

5 9,18636Ew0}
6 9.00u52F0]

X§PO
1.0RGAAPEL B
1428872278401
1 4RO222E 401

1:233222E401
140892378401
102832 20E 421
1.,389220E+0)
1.989220E+01

XsIN
‘.7ﬁ553ﬂf-ﬂ1
R, U221B0EeRy
1,M405R2E ¢ 00

A
a,
",
A
&,

9. 16549 w0t
9.12339E~p1

XSE
2.721172E+00
3.117220E¢00
3.656773E420

9.977TR7BE+(a
9.513RUSE+AR
9.569289E+00
1,.369R3TE+BY
1.921889E+01

III. EXAMPLE 3, PHOTON INTERACTION PROCESSING

MOJNT FILE 23 PARTY nF DLC7E ON UNYIT 28,
MOJUNY FILE 27 PART naF DLC7E ON UNIT 22,

9.18349E=01
9-1199@5'@!

XSMY
R,681754Ewn}
R,R22922E=p1
B.515%447Ewpy

2.,822861FEw0}
2,822861E«03
?.B822861Ew03
2,822841E=0}
2.822861Ew03}

XSED
0.797313EwD2
1¢39995RE=02
1,6574TRE=Q

1.B2395%8E=01
1.623397E=01
1.623892E~01
2,8638]8E=71
G

234,4338
tt*ttt**hiiitt*it*t'ﬁt*it‘***'t*i*tﬁ*****i*ittt*tiktt***k******ﬁ*****i*n**w*t

«PENDF TAPE FOR PHNTON INTERACTION CROSS SECTIONS FROM ODLC7E.w/

*12 GROJP PHOTON INTERACTION LIBRARYw/

'

4

*RECONRN

23 2%

{1 1 @

221 9,
*1eHYDROGENSX/
92 1 2

231 B8,
xG2eURANTUMR/
as

AGAMINRKR

e2 2y 9 23
1 3 3 4 »
-y 9/

92

=y 3y

e/

*DTFRa

23 24 23

a 2 @

5 12 4 85 14
*PHEAT

1 627 1

ar

L I T R B
aJr 92 1 B,/
e/

*MATXGRA

@ 23 25

1
1

1
1

*T2LASL NJOYw/

1

*GAMAx

ie

#12GROJP PHOTON INTERACTION LIBRARY®/
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«GSCATH

{ 1+ 3 2

i

{

LT S SR SR |
*yx 3y 92
*5T0Pa

.‘*Q'.*.t*****'**..*t*ﬁ..t.**i"*ﬁt*ﬁ**i.ﬁ****iﬁ*fi****iﬁ**************k*****

1 3 * * *
* %S $3 $¢ $3%%% $ $% * * *
* $%s  S¢§ $¢ S$53855¢ $% 5% * NUCLEAR * VERS,{eB/78 «
* $5¢5 8% $¢ 8% 53 $588 * CROSS SECTION =« RAN AT LaslL
* $% $3%3  t% $s  §% $3 5% x  PROCESSING *» ON (B/14/78
* $% $%5 $5€PESs 5EIEIIS L33 * SYSTEM * AT {7,87,58
* 3% 5% $€558 $58%8 $$ * * *
* . x * *
ttat.t*ttt*«ni-i*i*.**tittt**t*iu**i*tt**t*tkttt******t*tt****t*ttttt*t*rtt**

RECONR,, ,RECONSTRUCT POINTWISE CRNSS SECTIONS IN PENDF FORMAT

UNIT FOR ENDF/B TAPE .geasatatosnasnne 20
UNIT FOR pENDF TAPE pe0 s dbalortansoee 21

LABEL FOR PENDF TApPr

PENDF TAPE FOR PHOYOMN INTERACTION CROSS SECTIONS FROM DLCYE,
TAPE LABEL

[IZ AT XL RN AR R R L ey PR L L LA L F N Y L AL

DLCw7E PHOTON INTERACTION LIBrARY IN ENDF FORMAT e DATAFOR FILE 23

sTORAGE
ID ENOD
ID CARD
MATEQIAL T0 3E PRnCFSSED s8%e8 .00 1
QECONSTRJCTION TOLERANCE qevencenavssn 201
RECONSTRJUCTION YEMPFRATURE soeouncenns BK
DESCRIPTIVE CARDS FnR PENDF TApE
X TR AL IR R PR R R PP YR LA RS LA R TN A 04
{»HYDROGEN
ID SCR
PROCESSING MAT 1
TR PY R Y RR N Y R Y T FE R AAd AL DX LA 4
PHOTON INTFRACTION DATA FOR { H
10 DICT
xX DICT
1D MFS
ID MTS
1D NCS
1D RES
MAT HAS NO FILE 2,
MAT HAS NO RESONANCF PARAMETERS
XX RES
. 1D BUFQ

62

43,4508

15725200
17 1002
2/ 1017

37 1373

4y 14929

%
4, 1382
57 1394
6/ 1400
T/249468

7/ 2400



POINTS IN INITIAL UNYONIZED GRID = 19

POINTS ADDED BY LINFARIZATION = 263

MATEQ!AL TO BE DROCFSSED 2800000 nnn
RECONSTRUCTION TOLERANCE NP etataasnen
RECONSTRUCTION TEMPFRATURE o.vuecncosnse

DESCRIPTIVE CARDS For PENDF TApE

LAAAA AL LELE LYY XYL L TIPS TN T AT I Py Y]

92«URANTUM

PROCESSING MAT 92

..-.‘1..-‘...-..-...,.-.-.”..'v.-...'.

PHOTON INTERACYION DATA FOR

MAT HAS NO FILE 2,
MAT HAS NO RESONANCF PARAMETERS

PO0INTS IN INITIAL UNIONIZED GRID = 59
POINTS ADDED BY LINgARIZATION =z 493

o9

93

92
Q1
oK

U

10 BUFN

1D X
I0Y

10

RUFO
ENOD
RUFQ
BUFN
RUFG
BUFR
BUFO
BUFO
BUFN
ENOD
ENOD
CARD

SCR

DICT
ICT
MF S
MTS
NCS
RES

8/ 3403
g/ 3459
187 3300

43,7738

¥4
8/
9/
14/

7/
8/

1/
2/

3/

4/

4/
5/
6/

.

i
140y
2uny
Juoy
740y
-1
taat
2401
b
1009
1017

1373

1409

2
1382
139¢
1409

7724948

7/
8/
9/
ta/

47,

1/
B/
9/
19/

1/
B/

@
248y
3400
34Sp
3540

8558
-1

1
140y
2u
Juny
742}

-]
14my
2491
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XX ENOD
1D ENOD

.y
1/ 1000
49,5918

AR AR AR AN NN RN R AR R R G kA RRRE RN R e ke W R AN AN RRA R R R RN RN RN RN R RN AR RN AR R A AN AR

GAMINR, ,,PRODUCE PHATON INTERACTION CROSS SECTIONS

UNTT FOR ENDF/B TAPF saeevatotoncaenes 22
UNIT FOq pENDF TApE esteaade ol ,norpnere 21
JNIT FOQ INJT GAMOUT TAPE Sefangpgasanne ?
UNIT FOR OUT2UT GAMAUT TAPE Le.esanasss 23

MAT TO 8E pQOCESSEO 'Y EFYEE NN Y W NN N
GAMMA GQDUD ODTXON e*teop o taldaopesnn
WEIGHT FUNCTION OPTYON Levvtatasenssose
LEGEVDRE ORDER a0 9saantsntsfolsoansentt

£ 4 e

QUN TIYLE

t2 GROUP PHOTON INTERACTIQN (IBRARY

GAMMA GROUP STRUCTURE.sesss-ASL 12 GROUP

1 1,3390F+04 » 1,0807Fens8
2 {1, A27%0F+75 » 5.,0020F405%
3 S,2220F+%5 = 1,2022F+26
4 1,2370F+2p »  2.0P0BF 428
5 2.7272F+ 26 = 3,0020: 426
6 1,3202F+%6 o U,070%F+26
7 U,2220F+2%6 » 5,002%E+38
8 5,7400E+26 » 6.27pRF+ 26
9 6,P320E+Bs =«  T.8780E+26

12 T.R204E+%b » B.200%5+26

11 B,A200E+26 = 9.,20¢RPE+26

12 §,0300F¢+@6 » 2.8%33g¢a7

WEIGHT FUNCTION,,¢...CONSTANT wITH ROLLOFFS

STORAGE

10 SCR
ID TOTH

PROCESSING MAT 1

PEE T Y P T T YT YT Y PP TR L A A L AL E L LA

1=HYDROGEN

10 816
ID ANS
ID FF

GROUP CONSTANTS
FOR MF23 AND MTSO1 vOTL

GAMMA  SIG™A
GROU? (BAINS)
S, 256E=01
3.6488=31
2UURESDY
1oTUREwDY
{4 296E"DY
1,P5RE=2
0,A36E=32
T.962E=232
Te1SAEw2?
6,524E=0?

LSIE e L NN VI RF R VA

[o)}
~
-

49,6588

8/ 8090
1/ 356
2/ 38d

3/ 136
47 738
5/ 748

49,6988




Y -

6.026E=27
U.9r&aFmad

GROJP CONSTANTS

FOR MF23 AND MISA2 foHT

GAMMA
GROUP

e 6 O @~ T UL W -

-

SIGuA
(3A23NS)

1,235E=23

9.291E=08
9,275E=26
2.318E=24
TeT16E=2?
3,85UE=QY
2.316E=27
1’SU3E'@7
1,124Ew27
By281E=dR
6,428
3:6525'”8

GROUP CONSTANTS

FOR MF26 AND MTS502 rQHT

INITL
GRQOYP

“
S WO LT UL N

FINAL €®R0SS3 SECTIONS Vg

GROUP LEGFNpQFE ORDER
{ 1,235¢«n3 1,22Rfw23
2 9,291F«2S 9,286Fep5
3 9.275Fe36 9,27dEw364
4 2.318ce76 2,31BEw}s
5 7.716FeR7 T,716Em2Y
6 3.864FeP?  3,8p4Fw27
7 2.316keP? 2,316p=pn7
8 1.543FeA?  1,543cw37
9 1,104ren?  1,104Fe37
10 8,281Ee08 B,281F=p8

GROUP CONSTANTS

FOR MF23 AND MTh2! WEAT

GAMMA
GROUP

O P40 U & Wy~

HEATING

(EVaRARNS)
d,489E+0Q%
2.837E+04
Te31PE+34
1,277£+85%
1,830E+08
2, 199E+4%
2.52UE+28%
2.823E+35%
3., AU9E+28

1,193Ee03
9,276EwRS
9.2TUEwNS
2.515E-W6
T.716E=07
3,866GE=07
2, 316Ea0?
1,543Ee017
11724Ewny
Be2B1Ewig

1,158E-03
9,267E=05
9,273E=06
2.,318E"06
7.716E=27
3 864Ew@Y
2.316E=07
1,543E~07
t,1n4E>07
R.,281E~08

10 SIG
ID ANS
10 FF

XX 316
ID SIG
1D PFF
XX PFF
10 ANS
1D FF

1,117E=03
9. 248F =05
9.272E=0¢
2.318E=06
70716E'ﬂ7
3.864E=07
2,116E-07
1.5“35'@7
1.104F«?
B,281E=08

3/ 136
47 738
57 740
49,8105

LB
37 736
47 7969

171
5/ B4y
b/ BS7
49,9198
11,8428
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1d
11
12

3.,276E+95
3LHAG9RE+ DS
4,139E+35

PROCESSING MAT

GAMMA
GROUP

1

e RN ODENOCWMEWN

[Py
.

F2=JRANIUM

GROUP CONSTANTS
FOR MF23 AND MTS521 rvOTL

SIGMA
{BARNS)

2e768E+23
3,776E+32

4,634+
2,278E+91

1,775E+2¢

14718E+21
14736E+41
1.76TE+
1,820E+21

1,857E+31¢
1,909E+231t

GROUP CONSTANTS
FOX MF26 AND MTSQ24 TNCH

INITL
GROUP

E L E L £ UL WINNNNNN & —

FINAL
GROyP

i
XSEC
HEAT

1

2
XSEC
HEAY

2

3
XSEC
HEATY

2

3

4
XSEC
HEAT

CROSS SECTIONS Vs
LEGENNRRE NRDER

J.676F+01
J.676F¢2]
3.561Fe¢qD
2.3%ufps03
2.BRGg 11
3.119c4+01
2.555c+06
1.4°PRE+DY
7.856F+0R3
2.214g+01
b.6PTEeNb
5.876c+22
5.7T49g+03
4,2728+02
$1.590E+01
1.161E+07

1e337E4+3A
2e221E+D8

=3, 14% =02

«9,181E=p1
6,635e¢00

3,448g=p1
6,69UE+pn

«1,528g¢an
3,798g+20
3,%48¢+00

2.200E+GB

2.073E=n}
3,271E+0D

w9, UUEwny
Ua778E+0D

=9 ,SA3E=01
1.138E+20
31.358E+00

»8,225E=01

=9, 153E=02
6,28UE=R}

»1,135E+00
2,729E+00

7.707E=02
w7, T66E=D1
2,60UEY00

10 SIG
ID ANS
ID FF

'6.79a50ﬂ1

'2.5285'9}
w2, 008E=01

wy,217E=D1
1,093E+¢00

UaSTHUE=D]
=1,269E+20
1.,807E+29

3/ 136
47 738
S5/ 740

71,8758

86,3808

136,3818

AR AR AR AR R RN AR AR AN AR A Ky A RNk R AR AR AR RARAN AR RARR AR KRR AR AR AR RR RN
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DTFR,.,PRODUCE NTF fORMAT FROM BROYPR
I\JDUT UHIT CE 0 a0 8,00 00000 g0 ,0000a0008
OUT:JT UVIT E0 st 0a,00ben®s® o0 0000808
PE\DF UNIY e B et te.aneanvel gt oot
PRINT QPTION (2 MAX, 1 MIN) Lq.euurnne
FILM OPTION (G YESI 1 Nn) s Vataseransoe
EDIT OPTION (SPECIAL FORMATS) ,,....e0

NUMBER OF NEJTRON TABLES sevevennncses
NUMBER OF NEJTRON GrQouPs$s 268 et ntonans
pOSITION OF TOTAL S a0 eV ataranynie
POSITION OF INeBROUP

a0 sev B gtanananne

DUTPUT
23

24
21

A
2
2
5
12
4
5

TABLE LENGYH S st hocastastsl gt aeanpgran 16
EDIT CRDSS SECTIONS aoteasintgelaoacongnnn NAME
PHEAY
NUMBER OF PHOTON TARLES seevenescecnse @
MATS 1 I80=H SIGZERD NOs | TEMPz @,

IL= | TABLE |2 GP 14 PD§, MAYy=

1

{ IZ= | TFMP= 2,

621

4o 13GIE+QS =3, 7SDSE=QY O, 4,9857E«R2 4,1578E-p3
2, 3. B B, D,
2, 3. s <)% 3,4899E+05
2 6.7264FEwd2 146493Ewpy 2,0886Ee03 B,
el B. @0 @. 0.
3 2. 3:2767E+05 *2.3235E=03 0,
241288E*BY  3,.55802f«d3 241557Ew03 . D
'3. 3. e. ﬁ. ﬂ.
342UBBE+QS =] ,9554F=23 D, 7.1500E=02 2,7893E=n3
3.6228E*33  2,2724E=33 Q. ¥, 0,
de 3. U 2, 2.8726E+05S
de T.562nEwd2 3.8653FEwpd 6,1PU6EwDY 4,6878E=Q3
2.4665E%33% 2, . B @ G,
2. A, 2¢5241E405 =1,2097E=% 0,
5.7282E=03 B.5557E=33 6.3157Fep3d  4,IRTSE=N3 U4, 1224E~0DY
Je 2. 2, 2, Pe
2¢1986E+28 w7,63U0nFEwdlt O, 1.8582E«01 9,273RE=QY
9.3299Ema3  6,9264E=¥3 S4b833Fend 4,7766E=RY  3,359PE=n3
2, A, B 2, 1.799RE+1S
Yo 1.2965E31 1 ¢7hUlEwp? 2,152UFEw02 1,4P64Ewp?
BeU4Q2EwAY  T,.106mgEwdY 601547Fwpy 4,4796E=B3 0@,
B 2. 127706405 «5,5753EwpsS 2,
4,6321Ew22  U4,.385QF=32 2+633BE=p2 1,93U2Ewp2 {,5439Emp2
L1o1198Em22 9,BB1uEwd3 7T.3857E«p3 @, 8,
Te31218404 wo, TATyE=4ET B 2.UUBRE=R1 8,7P96E=02
3.2297Ewn? R2.4747F=32 2.0158E«p? (,790%EwR2 1,6479Ewp2
1e018UE=32 1, ,48buge32 @, Q, 2,8372E+04
2, 3.6U8xEwdt  343763Eewdl  1,5770EwBl 6,444TE=p2
2eS4P1EwE2 [,.958%E=d2 1¢5940Fwpd? 1. 34UAFwE? 1,1622E~02
7.587QE“@3 da QO“BBQE"GS S.BbaﬂE.as B.
5,2550E=01 2.721u4E=RB2 B, @, B4
24 3. e ¥, B
ILs 2 TABLE 12 GP 14 POS, MATE 1 1Z= { TEMP= @,
3 a. Do 2, 4,1274EwQ}
A, a, Be 9, 2.
'd. @. DQ g' ﬁ.
d a, 1+6453Fegl 2.0610Ee.p3 2,
3, 8. @ 0, B,
3, 3. @ 2, @
2.1023E=03 3.530nE=2% 2.1995Ee03 0, @,
1 B Q4 . Be

136,6038

{

@,

@
“2,TPB8BE=23

0,

2,

6,5243Ewd2

i

0,

4,576UE=27

2.
=1, 6035Em0Y
1,7878Ew83

a,
B
1:2857E=02
2.
»3,435dEwy
1.0508Ew02
v,
1.2952Ew02
e,
6e3311E~D2
1-56576'52
=1,1390E=07
3,6192E=32
1.8236E=02
5,2556E=01

POSITION REACTION MULTIPLICITY
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14,4978

WR AT AT ek AR R AR RNk gk R Nt ek kKRN AR gk ek R e K M Tk A i gk e ek kg ke ok gy ok ki

MATXSR,, PRODUGE A MATXS FORMAT QUTPUT FILE

NGENII.O'I.OQ.!O"..-atp.it'.'.---,nc.!
NGENE'-lOI.lUOOpI!c,a;t--tolo'.o.-.QOOI

AR AR Ak gk kAR ANk Rk g R AR AT &gk kRO

kxx FILE MATXS ARKRX KN gtk ik
xxx VERS 1 T2 AR ST EE T L L
ckk JSER  T2LASL NJOY wabrbpkpdapphntsk

RTERR KK AN AR RN AR R AR Ry gk kAR AR kg kg kIR

FILE CONTROL PARAMETERS

NPART NUMRER DOF pARTICLES FOR wHICH GROUP
) STRUYFTURFS ARE GIVEN

NTYRE NUMBER 0OF nATA TYPES PRESENT IN SET

NROLL NUMBER OF w0RDS IN SET HOLLERITH

IDENYIFICATION RECORD
FILE DESCRIPTION

12«GROUP PHOTON INTERACTION LIBRARY

FILE Dava
PARTICLE NAME NGRP
CEE X F N X% "o L XL
| GAMA 12
DATA TYPE NAME NMATY NINP
[ X E L XK 2 3 ) e nOw apw Yy ]
1 GSCAY 2 1

GROUP STRUCTURES
PARTICLE

GROUP MAXTYMUM ENERGY

1 2.20202E+Q7
9,22n2f +Pg
8. anANaE+Rg
7.202720E4%¢
6.202R2E+Qp
5 3R 3E+Pg
4_pnan2E+ s
3. a@3PAE+ Mg
2,200PaE+ g
10 1,30002E+8¢
11 5. 30202E+0g
12 {.303023E4+0g

O 1T U &Y

EMIN 1.270MAE+0y

68

2
23

NING

12

5TORAGE

{

1

12

NOUTP NOUTG
1 12

15/25000
148,7498

Locr



LR R RS R N N P P LA L]
W kot gy ok Wk
AR R PR R R R Al A R L L]

xxx DAYA TYPE 1

DATA TYyPE CONTROL

weankk GSCAY

MATERTAL NMATNM TEMP $1G62 L.0CA
SesuNeow "HNeeoww seew LR X svew
1 ] 2. 1.00E+18 @
e J J. 1.0RE¢1D 7
INCIDENT PARTICLES {
QUTGOING PARTICLES 1
NSBLK {
xhn GSCAT  waw MATERIAL § wRakehpkhhn
AR AR SRR R e e T LAAE
MATERTAL CONTROL
HWMAT H
AMASS 8,992E=01
TEMD o,
8162 1,02PE+1Q
Iuag {
NiDR 7
Ni10B 1
NeDg 3
VECTOR CONTROL
REACTION REACTTION ID BLOCK FIRST GROUP LAST GROUP
Thwogwaw [ XA L ey X Y Ppepe [ I ET AT YT N [ AL Y Y
1 GWTn 1 1 i2
2 GTorg 1 1 12
3 GCOwW 1 9 12
4 GINPH 1 H 12
] GPAYR 1 1 9
) GABg { 12 12
7 GHEAT 1 1 12
VECTOR PARTIAL BLOCK {
GROUP  GWT2 GTOTH GCOH GINCH GPAIR
L XA X X J L XX R X ¥} L EX 34 (XX XY X eSewws XX KN ¥
t 3.,801E¢pe 4,98hE%02 4,611E=82 3,751E.03
2 1,322E+06 b.B26E"p2 5, T56E=32 2.,779E=03
3 1, 873406 b,524E"n2 6,292E~02 2.323E003
4 1,802E¢026 7.153E=22 b,9%UE=D2 1,955FE«03
5 1,202F 406 7.962E%02 7.802E%02 {,6NUE=D3
b 1.272E+06 9,0UubE=@2 8,925e%02 1,210FE-03
7 1,202E+06 1. PSBE=QY 1,P51E=01 7.633Ee0y
8 1.073E¢ 06 1,296E=p1 1,293E~01 3,435E=04
9 1.202E+ns6 1.,74PE=21 2.318Efp 1,T4RE=BY 5,597E=05
10 5.2722E+pS 2, UUBE=3! 9.27HEwPb 2. 44BE=D1Y
i1 4,203E+pS 1,64B8E=p) 9.291Fe05 3.648E=01
12 3.331E+04 G,256E=a1 1.236E-03 S.2u3E=d]
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SCATTERING MATRIX CaNTROL

3L0CK IDENYIFIFR LOWESYT ORDER
(I X LX ] [ XX R TR 2§ Jes A AL A X XYL A
1 GCOH a
2 GINCH ]
3 GPAIR ]

BANDAIDTHS AND LOWEgT EMERGY GROyPs

GROUP/BLOCK 1 2 3 1
CT XX X K ¥ Ry e -y -w o [ X -
1 o 1 a 7]
2 " 2 @ 2
3 " 3 a 2
4 " 4 2 7
5 " 5 e ?
6 ] 6 2 @
7 o 7 A 2
8 ) 8 2 2
9 1 9 2 9
19 1 12 9 1d i
11 1 11 @ 11 1
12 1 2 a 12 1

SCATTERING MATRICES

BLOCX *%x GCOKW *k

FINAL  INITL Xsre V8 LEGENDRE ORDER
GROUP POSN OrDER ORDER 2
LEX X A N 4 LA XX N 3
9 1 2. t1RE=Ub 2.31RE=Rb
13 1 9,375E=236 9 _274E=0b
11 1 9.291E=25 9,.286E=05
12 1 1,735E-23 {.220g=83
BLCCK 2 we  GINCHW "k
FINAL  INTTL Xsre VS LEGENPDRE ORDER
GRICJP  ROSN CaGER ORDFR 2
owyree oSewne
1 { 4,15RE» 23 4, 127e=93
2 1 1 .h40Ew?d 1.645¢=03
2 2,0R0E~23 2. 0p1FwR3
3 { 2,140E=23 2.1826-3%
2 1,558E03 3.530F=03

INJDEX OF MaTx$S FILE

ANRNAR gk bk A AT RN Rk ga kR g e gk kN

e FILE MATXS kkwrrpkphphnhkhk
kkx USER  TOLASL MJIAY ardwdpd kanwkiks
xex VERS 1 S AL T I T LI

AR KARN AR AR AR KRR R RN a AR R RN AR e Ny kA kNN
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N DO DL NS WA~ 8T

ORDER

SO VT VIS & W

ORDER 3

2,31RE~UG
9, 274E~0b
9,276E=n5
1,193E«D3

ORDER 3

4,P6TE=D3
1,637E«23
2,A26E=R3
2,M80E=n3
I, 470E=03

ORDER 4

2,318E=06
9,273Em=06
9,260E=95
1,158E=03

ORDER 4

'-.-..-u-..---'_-q-....--------------.--n----.-.

3,978E=03
1,626L=03
1,927E=03
2,07AE=03
3,391Ewn3

142,5178



FILE DESCRIPTION
$12+GROUP PHOTON INYERACTION LIBRARY

DATA TyPES ON FILE

NAME LoCY
meweon PEw®
1 GSCAT 0

A SR AR R A SN R F RSP T R RS RS R ST TR AL 2
*tk DATA TYPE { wawwsar GSCAT  duwnuknix
AR SRR S R R T TR R R R R R T N TR L2

MATERIALS ON FILE FaR THIS DATA vYpE

NAME TEMP S167Z
X L X J ave® LK X K
! H 2. 1,%2pE+10
2 U 2, 1,03E+10
VECTOR REACTION TYPFs ON FILE BY MATERI
1 2
W wwwy L X AR N4
i GaTa AT
2 Gynr2d nYorTe
3 Gco~A aCoH
4 GINCH RINCH
S GPAIR GPAIR
6 GaRs LARS
7 GHEAT GHEATY
MATRIX QEACYION TYPps ON FILE BY MATER]
1 2
{ GCcOon GCOH
2 GINCH GINCH
3 GPALR GPAIR

INDEX COMPLETE

LoCa

AL

AL

142,5348
142,5358

AR AR KT N A AR A RN A e KA ARl N e A NN AN AR RN AR AR AR RN R RN ATRARRA R R Ak khN
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H ABSORP u ABSORP
9
106 LI 41 N S B 0 B 101 BN Bt O { 10 E‘ HLALRLAL) S L A A LD ) B B R B L
Lad 5 ~
v 10 9,
0
¢ £
4
< 10 :
v
g 3 10
[ 3 Lord
[ ] 10 [
2 106
% 10° 10 109 10 10 10 10
ENERGY (EV) ENERGY (EV)
H )
1
10 T T T T T T
MT501
2 -
£ 10 2
-] <
® 3
< -
3 10! 5
“ 5
102 . g
10 10 10° 10

10 10
ENERGY (EV)

Sample photon interaction cross
section and group-to-group mat-
rix graphs from DTFR. Both
pointwise and multigroup results
are shown for the total (MI501).
The isometric plot shows the

log of the uranium scattering
cross section; ''position” 1 is
the "in-group" cross section.
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10° 10
ENERGY (EV)

MAX= 2.345E+400, AT C 1., 12)
MINz-Z .Q00E+00. AT ¢ 2. 1)

L=0 PHOT-PHOT TABLE




IV. EXAMPLE 4, TEST OF COVARIANCE PROCESSING

MOJNT ENDF/Belv TAPp 4Q8 ON uNIT 22,
INPUT DATA CARDS,

[

4

*MODER®

23 24

*ERRORR

¢ 21 8 2

1274 ¢ 1 1

3 2

1

{E=S5 2E7

{ 2 2 o @8 0 a 0y

1 2 8 0 «f wf e} w3/
2 2 B 9 1 t i1/

@ 2 2 2 { {1 oo 9y
3 3 8 2 { @ o 9/

2 2 2 @0 9 1 a &y
2 2 8 32 @ @& ( @y

2 3 8 p 0 B8 o 1/

S

1,8 4 {E3 1Ee 1E7 1enE7/

-

KRRk h o A RN AR AN AR e g R RN F Rk h e RN AR R R R R R AN AR AN Rk R AR ARk ok ko

* * * w
* $% 5% $e £55%35% 13 %% * * *
a $fs %3 t¢ $7553%g $3  $$ *  NUCLEAR x VERS,.1w8/78 »
* $58% $3 $¢ S8 sy 85%$ * CROSS SECTION w RAN AT LASL «
* $3 $5%5 8% $%  $% 3 $$ * PROCESSING w ON {0/714/78 %
* 55 553 K$e5%5e SSs5BSSg $% *  SYSTEM w AT 17,16.41
* $$ $% $383% $383% $% ® N *
* * W *
ARARRR AR RN NN N R ARy N AN IR AR g h g RN R RN R R RN AR RN R AR R RARRRRR AN KRN L kAR RN

MODER,, ,CHANGE THE MODE OF AN ENDF/BR TAPE 27,1888

INPUT UNIT (¢ FOR BprD, = FOR Bg) ..... 2@
QUTPJUT UNIT (+ FOR RCDy = FOR BB) .40 21

TARE LABEL

(A A AL AS A AL NI LAY LR PN R LA ML P Y Y X 24
ENDF/Belv TAPE 49m (REV. 3) 1»SEPTeT6
52,5938

[ RN AR E R RS FFOTE LR EE PR R S TS YR 3 SRR R AT PRI NS R B E X8 2
ERRORR,, ,PRODUCE CRNSS SECTION COVARIANCES 50,9028

§TORAGE 22/20000

ENDF/B U\JIT P8 asla,erteontabalangargris 20
BPEINDF UNIT 200080 e gprtentatalonansans 21
GOJT UNTTY [ R NN NN N NN NN I NI N ) 9
OUYDJT UNIT LA eent g ,0r0000 080 g0 anonagn09 @
DESIQED MATERAIAL 4y.vnvnanstasrosnsese 1274
NEJTRON GROUP OPYION steetsbalasananes !
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;RINT O;TION S S a et Raande At geanan0e
QELATIVE COVAQIANCE ODTION Sat oag0atns
GROUP AV, WEIGHT OPTYION ,se0etoenccasse
GROUP AV, PRINT OPTTION ,4eetetcecsenss

fan g PR

-

NO, OF DERIVED XSEC ENERGY RANGES ,.4s

COEFFICIENTS FOR DERIVED CROSS SECTIONS
FOR {,820QE«85% 10 2,0202E407 EV

MT = { > b} 4 51 91
1 = 103 Demm 2.0 N a2 n, 90
2 - 1.3 B.ﬂ 8.@ 0.” '1-@ -"ﬂ
I - 2.2 N,0 B.0 2.0 1.2 1,2
4 - 343 A.a Pe@ a.a 1.2 1,7
51 = 3.2 2.0 2.0 2.n 1.2 N0
gy = 23 B, 0.0 7.3 N.0 1.0
122 = 2.0 A,0 2.9 "0 0.0 Y
137 - 0.3 @.a 300 a.u ﬂ.@ 0.0

COMPJTING MULTIGROUP CROSS SECTIONS

NEJTRON GROU? S5TRUCTURE.,vse.READ IN

1 1,230n8Eeny » 1,8007E4+20
2 1,P7303E+n » §,.,00gAFen3
3 1,2222E+03 o 1,000PE+28
4 1,2208E4p6 » 1,002%E+07
5 1.,0300E¢ny » 1,92p0E+27

UNION STRUCTJURE HAS S4 GROUPS

1,2403Eeny
1,207 23E+n3
1,0204E+a3
1.GA2AF + S

1,0007F+20
1.2792g+2%
1,022%E+35
5,002%¢c+35

AN Y o

102

»]

LS IR SR IR g

oL ES S

COVARIANCES CALCULAYED FOR B8 REACYTIONS AND S4 GROUPS

TABLE OF MULTIGROUP cROSS SECTIONS

GROURP LOWER cro88 SECTION
ND, ENERGY MY | MT 2 MY

3

1 1,2000E=@4 ¢ _74T4E+BD  4,729PE+OR 1 ,1615E-02
2 1.2P09E+d0 4_728RE+0@ 4,7283E+08 §1,5168E=04
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10 € 17 @00
10 DICTY 2/ 2220
XX DICY @
IND KXy e/ 1064
197
8,9
wi,
t.9
3,9
A0
8,0
2,0
1.9
51,1548
1D SCR 3/ 14280
ID UN 4716933
XX E %}
XX UN 5%
57,2298
XX $16G} -y
10 SCR 77 1299
ID CFLX 87 13924
ID SUM 9719933
MT 4 MT 51
0. g.
a, ("X



3 1.;yav£+ax U 330E+00 4, 3TRHEPN 2, 1A1UE-RE @, Be
4 142020E436 1 TTOREHDO  {,67BIE+AN  9,2722E%02 T,2971E%22 T.1766EwD2
5 1.2P20E+AT 1. 3346EHRD  7,054T7Ewd! 5,3918Ew01  4,4949E~Q)  2,4BR4Ewd1
GRJIUA CROSS SECYION
ND, MT 9y Mriea MT107
BB NPe pvowe waeowu® """ mwy
1o, 1,1615E=02 ¢,
2 Q. 1,5168E=04 g,
3 2. 2,1014E-026 g,
4 {,27U1E=R3 0, 1.973E=012
S 2.3125E=3% B, B 9bBUE=R2
RELATIVE COVARIANCE ¢ MT § , I1G , MT 1 , IGP ) 57,8028
15 1G9 +a + +2
eowy o e ey L3 ™ "y
i { 8,9ppEw3g B8,900Eelg § UARE=DS 2,297FeDP5
2 { B8,920E=05 B8,9P2EePg &, 4URE=2S 2,297E«05
3 1 6,427E=05 6.47¢Ew@g 7, 811E=35 2.297Ew0S
4 1 2,2978=35 2.297Ee0g 2 297E=3S 6,821EeB5 6,503E=05
S 4 6,521E=3g {,637E.0%
RELATIVE COVARIANCE ¢ MY 1 , IG , MT 2 , IGP ) 57,9915
15 167 0 +q 2
e LA [ X 1N b wwew
1 1 B,934E=ng B8,901Eedg 6, U0RE«3S 2,423Ee05
2 1 8,93utw=ig 8,.9M1Eelg 4, 4DAE«3S 2,423E=05
3 1 6,425E=08 b6,u21Eefls 7 _B811Ew35 2,423Ew05
4 1 2,328Eepg  2,297Ewfg  2,297E=pS5 7,198E«05 1,091E=04
5 4 6,86pEvag 2,746ELP3
RELATIVE COVARIANCE ¢ MY 1 , 16 , MT %, IGP ) 58,1798
2ERD
2 | 3,630Ee@tr 3.600Ee23%
5 5 0,
RELATIVE COVARIANCE (¢ MTi@2 , 1G , MT1B7 o 1GP ) 64,1758
ZERO
RELATIVE COVARYIANCE (¢ MTi1@? , 16 , MTi@7 , IGP ) 64,3628
16 16P +0 e +2
wew saw ey . S aw,, L X XY )
4 4 1,4%57E=pp 2,453E.03
5 4 2,453E=pxy 1,676Ee22
64,3648

t*ktki**htttkttti*i***kﬁt*t*ﬁ*ﬁi*i***iti***i#**t***it**i********i*****t*t*i*t*
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